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Elementary excitations in highly entangled states such as quantum spin liq-
uids may exhibit exotic statistics, different from those obeyed by fundamental
bosons and fermions. Excitations called non-Abelian anyons are predicted to
exist in a Kitaev spin liquid - the ground state of an exactly solvable model
proposed by Kitaev almost a decade ago. A smoking-gun signature of such non-
Abelian anyons, namely a half-integer quantized thermal Hall conductivity, was
recently reported in α-RuCl3. While fascinating, a microscopic theory for this
phenomenon in α-RuCl3 remains elusive because the pure Kitaev phase can-
not capture these anyons appearing in an intermediate magnetic field. Here we
present a microscopic theory of the Kitaev spin liquid emerging between the low-
and high-field states. Essential to this result is an antiferromagnetic off-diagonal
symmetric interaction that permits the Kitaev spin liquid to protrude from the
pure ferromagnetic Kitaev limit under a magnetic field. This generic model
captures a field-revealed Kitaev spin liquid, and displays strong anisotropy of
field effects. A wide regime of non-Abelian anyon Kitaev spin liquid is predicted
when the magnetic field is perpendicular to the honeycomb plane.
Motivation – The Kitaev spin liquid (KSL) is a long-range entangled state on a hon-
eycomb lattice1, which hosts non-Abelian1–3 anyon excitations in a magnetic field. It has
been proposed that topological quantum computation can be performed via braiding of
non-Abelian anyons4, meaning the KSL is of both practical, and fundamental interest. How-
ever, it has been challenging to find a solid state realization of Kitaev physics, which has
been the focus of recent research. Several honeycomb materials have been suggested as
KSL candidates, which are Mott insulators with strong spin-orbit coupling featuring 4d
or 5d transition metal elements5–9. Proposals so far include the iridates A2IrO3
5,6,10–13 (A
= Li, Na), and α-RuCl3
14–18. However, all these candidates exhibit magnetic ordering at
low temperatures17,19–26, which masks potential Kitaev physics. Later theoretical27–29 and
experimental30–32 results suggest that α-RuCl3 may enter a field-induced spin liquid, but
there has been no evidence that it is a chiral spin liquid until a half-integer quantized ther-
mal Hall conductivity was reported in α-RuCl3
33; a strong indication34–36 of chiral edge
currents of Majorana fermions (MFs) predicted in a KSL.
While this is a first experimental evidence of charge-neutral non-Abelian anyons in spin
systems, a microscopic theory describing the appearance of such a chiral KSL under a field
2
in α-RuCl3 is missing. This is because if the dominant interaction in α-RuCl3 is the fer-
romagnetic (FM) Kitaev term – based on spin wave analysis35 and ab-initio studies25,26 –
the FM Kitaev phase is almost immediately destroyed, and the polarized state appears in
an applied field37–39 with no intervening phase. This can be contrasted with the antiferro-
magnetic (AFM) Kitaev phase which hosts a potentially gapless spin liquid under a field,
supported by several numerical studies38–46. However, this intermediate gapless U(1) spin
liquid cannot explain the half-integer thermal Hall effect observed in α-RuCl3, even though
it is an intriguing spin liquid. Thus searching for a possible spin liquid with MFs leading to
the half-integer thermal Hall effect under a magnetic field remains a challenging task.
Here we present a microscopic theory of the KSL displaying a half-integer thermal Hall
effect under a magnetic field. The key to our result is an AFM symmetric off-diagonal Γ
interaction, essential to stabilize the KSL for intermediate fields. The KSL emerges between
the low- and high-field phases as Γ increases, and is connected to the pure FM Kitaev phase
at zero field. We introduce the microscopic theory with a brief review of the generic nearest
neighbour spin model for spin-orbit coupled honeycomb materials, appropriate for α-RuCl3.
Model – The nearest neighbour model has been derived in [5,12,13] based on a strong
coupling expansion of the Kanamori Hamiltonian. The combination of crystal field splitting
and strong spin-orbit coupling leads to a model based on pseudospin-1
2
local moments with
bond-dependent interactions. On a bond of type γ ∈ {x, y, z} with sites j, k, the nearest-
neighbour spin Hamiltonian is taken to be of the J-K-Γ-Γ′ form13
Hγjk = JSj · Sk +KSγj Sγk + Γ(Sαj Sβk + Sβj Sαk )
+ Γ′(Sαj S
γ
k + S
γ
j S
α
k + S
β
j S
γ
k + S
γ
j S
β
k )
(1)
where α, β are the remaining spin components in {x, y, z} \ {γ}. The spin components are
directed along the cubic axes of the underlying ligand octahedra, so the honeycomb layer
lies in a plane perpendicular to the [111] spin direction as shown in Fig. 1(a). A small Γ′
is present due to trigonal distortion of ligand octahedra in the real material. Here we omit
the Heisenberg J for simplicity, and its effects are discussed later. Earlier studies14,26,29,47,48
noted that the Γ interaction with AFM sign may play an important role near the FM Kitaev
regime to stabilize the spin liquid47. Since α-RuCl3 has a dominant FM Kitaev interaction
with AFM Γ, we focus on Γ/K ∈ [−1, 0] with Γ > 0 and K < 0. The remaining parameters
of the Hamiltonian are expressed in units of
√
K2 + Γ2 ≡ 1.
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0.8
<latexit sha1_base64="oNEpsC376wlgx os2kFjEmq2ikPg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIYL0VvXisYGyhDWWz3 bRLdzdhdyOU0L/gxYOKV3+RN/+NSZuDtj4YeLw3w8y8MBHcWIy/ncra+sbmVnW7trO7t39 QPzx6NHGqKfNpLGLdDYlhgivmW24F6yaaERkK1gknt4XfeWLa8Fg92GnCAklGikecEltI2 G3WBvUGdvEcaJV4JWlAifag/tUfxjSVTFkqiDE9Dyc2yIi2nAo2q/VTwxJCJ2TEejlVRDI TZPNbZ+gsV4YoinVeyqK5+nsiI9KYqQzzTkns2Cx7hfif10tt1AwyrpLUMkUXi6JUIBuj4 nE05JpRK6Y5IVTz/FZEx0QTavN4ihC85ZdXiX/hXrv4/rLRuinTqMIJnMI5eHAFLbiDNvh AYQzP8ApvjnRenHfnY9FaccqZY/gD5/MHAKeNFQ==</latexit><latexit sha1_base64="oNEpsC376wlgx os2kFjEmq2ikPg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIYL0VvXisYGyhDWWz3 bRLdzdhdyOU0L/gxYOKV3+RN/+NSZuDtj4YeLw3w8y8MBHcWIy/ncra+sbmVnW7trO7t39 QPzx6NHGqKfNpLGLdDYlhgivmW24F6yaaERkK1gknt4XfeWLa8Fg92GnCAklGikecEltI2 G3WBvUGdvEcaJV4JWlAifag/tUfxjSVTFkqiDE9Dyc2yIi2nAo2q/VTwxJCJ2TEejlVRDI TZPNbZ+gsV4YoinVeyqK5+nsiI9KYqQzzTkns2Cx7hfif10tt1AwyrpLUMkUXi6JUIBuj4 nE05JpRK6Y5IVTz/FZEx0QTavN4ihC85ZdXiX/hXrv4/rLRuinTqMIJnMI5eHAFLbiDNvh AYQzP8ApvjnRenHfnY9FaccqZY/gD5/MHAKeNFQ==</latexit><latexit sha1_base64="oNEpsC376wlgx os2kFjEmq2ikPg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIYL0VvXisYGyhDWWz3 bRLdzdhdyOU0L/gxYOKV3+RN/+NSZuDtj4YeLw3w8y8MBHcWIy/ncra+sbmVnW7trO7t39 QPzx6NHGqKfNpLGLdDYlhgivmW24F6yaaERkK1gknt4XfeWLa8Fg92GnCAklGikecEltI2 G3WBvUGdvEcaJV4JWlAifag/tUfxjSVTFkqiDE9Dyc2yIi2nAo2q/VTwxJCJ2TEejlVRDI TZPNbZ+gsV4YoinVeyqK5+nsiI9KYqQzzTkns2Cx7hfif10tt1AwyrpLUMkUXi6JUIBuj4 nE05JpRK6Y5IVTz/FZEx0QTavN4ihC85ZdXiX/hXrv4/rLRuinTqMIJnMI5eHAFLbiDNvh AYQzP8ApvjnRenHfnY9FaccqZY/gD5/MHAKeNFQ==</latexit>
1.0
<latexit sha1_base64="kyiKf1 NaVC+8jk50UX8tqdGpOFk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbB U0hEUC9S8OKxgrGFNpTNdtMu3d2E3YlQSv+CFw8qXv1F3vw3Jm0OWn0 w8Hhvhpl5USqFRc/7ciorq2vrG9XN2tb2zu5eff/gwSaZYTxgiUxMJ6K WS6F5gAIl76SGUxVJ3o7GN4XffuTGikTf4yTloaJDLWLBKBaS73q1fr3 hud4c5C/xS9KAEq1+/bM3SFimuEYmqbVd30sxnFKDgkk+q/Uyy1PKxn TIuznVVHEbTue3zshJrgxInJi8NJK5+nNiSpW1ExXlnYriyC57hfif18 0wvgynQqcZcs0Wi+JMEkxI8TgZCMMZyklOKDMiv5WwETWUYR5PEYK// PJfEpy5V653d95oXpdpVOEIjuEUfLiAJtxCCwJgMIIneIFXRznPzpvzv mitOOXMIfyC8/EN9MqNCg==</latexit><latexit sha1_base64="kyiKf1 NaVC+8jk50UX8tqdGpOFk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbB U0hEUC9S8OKxgrGFNpTNdtMu3d2E3YlQSv+CFw8qXv1F3vw3Jm0OWn0 w8Hhvhpl5USqFRc/7ciorq2vrG9XN2tb2zu5eff/gwSaZYTxgiUxMJ6K WS6F5gAIl76SGUxVJ3o7GN4XffuTGikTf4yTloaJDLWLBKBaS73q1fr3 hud4c5C/xS9KAEq1+/bM3SFimuEYmqbVd30sxnFKDgkk+q/Uyy1PKxn TIuznVVHEbTue3zshJrgxInJi8NJK5+nNiSpW1ExXlnYriyC57hfif18 0wvgynQqcZcs0Wi+JMEkxI8TgZCMMZyklOKDMiv5WwETWUYR5PEYK// PJfEpy5V653d95oXpdpVOEIjuEUfLiAJtxCCwJgMIIneIFXRznPzpvzv mitOOXMIfyC8/EN9MqNCg==</latexit><latexit sha1_base64="kyiKf1 NaVC+8jk50UX8tqdGpOFk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbB U0hEUC9S8OKxgrGFNpTNdtMu3d2E3YlQSv+CFw8qXv1F3vw3Jm0OWn0 w8Hhvhpl5USqFRc/7ciorq2vrG9XN2tb2zu5eff/gwSaZYTxgiUxMJ6K WS6F5gAIl76SGUxVJ3o7GN4XffuTGikTf4yTloaJDLWLBKBaS73q1fr3 hud4c5C/xS9KAEq1+/bM3SFimuEYmqbVd30sxnFKDgkk+q/Uyy1PKxn TIuznVVHEbTue3zshJrgxInJi8NJK5+nNiSpW1ExXlnYriyC57hfif18 0wvgynQqcZcs0Wi+JMEkxI8TgZCMMZyklOKDMiv5WwETWUYR5PEYK// PJfEpy5V653d95oXpdpVOEIjuEUfLiAJtxCCwJgMIIneIFXRznPzpvzv mitOOXMIfyC8/EN9MqNCg==</latexit>
1.2
<latexit sha1_base64="/eEz1V 1Cj31qACSL/SJl+wfFNX4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbB U0iKoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOu Dgcd7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSO sKWeSBoYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N 6w3O9OdAq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZ ngEe1ZKrGgOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/ UyE1+FOZNpZqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX 355lQRN99r17i8arZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3P hatFaecOYY/cD5/APfSjQw=</latexit><latexit sha1_base64="/eEz1V 1Cj31qACSL/SJl+wfFNX4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbB U0iKoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOu Dgcd7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSO sKWeSBoYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N 6w3O9OdAq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZ ngEe1ZKrGgOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/ UyE1+FOZNpZqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX 355lQRN99r17i8arZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3P hatFaecOYY/cD5/APfSjQw=</latexit><latexit sha1_base64="/eEz1V 1Cj31qACSL/SJl+wfFNX4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbB U0iKoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOu Dgcd7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSO sKWeSBoYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N 6w3O9OdAq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZ ngEe1ZKrGgOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/ UyE1+FOZNpZqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX 355lQRN99r17i8arZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3P hatFaecOYY/cD5/APfSjQw=</latexit>
1.4
<latexit sha1_base64="ty1OThS 99h/6+kBGVvkjV3uOJnI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0 ikoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd 7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSOsKWeSB oYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N6w3O9Od Aq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZngEe1ZKrG gOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/UyE1+FOZNp Zqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX355lQQX7rXr3 TcbrZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3PhatFaecOYY/cD 5/APrajQ4=</latexit><latexit sha1_base64="ty1OThS 99h/6+kBGVvkjV3uOJnI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0 ikoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd 7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSOsKWeSB oYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N6w3O9Od Aq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZngEe1ZKrG gOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/UyE1+FOZNp Zqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX355lQQX7rXr3 TcbrZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3PhatFaecOYY/cD 5/APrajQ4=</latexit><latexit sha1_base64="ty1OThS 99h/6+kBGVvkjV3uOJnI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0 ikoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd 7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSOsKWeSB oYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N6w3O9Od Aq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZngEe1ZKrG gOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/UyE1+FOZNp Zqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX355lQQX7rXr3 TcbrZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3PhatFaecOYY/cD 5/APrajQ4=</latexit>
5 
<latexit sha1_base64="GN zlKTNOp1vDUCD2b4boKucNXls=">AAAB7XicbVBNS8NAEJ3U r1q/oh69LBbBU0lFUS9S8OKxgrGFNpbNdtIu3WzC7kYooT/C iwcVr/4fb/4btx+Itj4YeLw3w8y8MBVcG8/7cgpLyyura8X1 0sbm1vaOu7t3r5NMMfRZIhLVDKlGwSX6hhuBzVQhjUOBjXBw PfYbj6g0T+SdGaYYxLQnecQZNVZqnD20GVes45a9ijcB+SHV eVKGGeod97PdTVgWozRMUK1bVS81QU6V4UzgqNTONKaUDWgP W5ZKGqMO8sm5I3JklS6JEmVLGjJRf0/kNNZ6GIe2M6amr+e9 sfif18pMdBHkXKaZQcmmi6JMEJOQ8e+kyxUyI4aWUKa4vZWw PlWUGZtQyYaw8PIi8U8qlxXv9rRcu5qlUYQDOIRjqMI51OAG 6uADgwE8wQu8Oqnz7Lw579PWgjOb2Yc/cD6+AWNrjyA=</la texit><latexit sha1_base64="GN zlKTNOp1vDUCD2b4boKucNXls=">AAAB7XicbVBNS8NAEJ3U r1q/oh69LBbBU0lFUS9S8OKxgrGFNpbNdtIu3WzC7kYooT/C iwcVr/4fb/4btx+Itj4YeLw3w8y8MBVcG8/7cgpLyyura8X1 0sbm1vaOu7t3r5NMMfRZIhLVDKlGwSX6hhuBzVQhjUOBjXBw PfYbj6g0T+SdGaYYxLQnecQZNVZqnD20GVes45a9ijcB+SHV eVKGGeod97PdTVgWozRMUK1bVS81QU6V4UzgqNTONKaUDWgP W5ZKGqMO8sm5I3JklS6JEmVLGjJRf0/kNNZ6GIe2M6amr+e9 sfif18pMdBHkXKaZQcmmi6JMEJOQ8e+kyxUyI4aWUKa4vZWw PlWUGZtQyYaw8PIi8U8qlxXv9rRcu5qlUYQDOIRjqMI51OAG 6uADgwE8wQu8Oqnz7Lw579PWgjOb2Yc/cD6+AWNrjyA=</la texit><latexit sha1_base64="GN zlKTNOp1vDUCD2b4boKucNXls=">AAAB7XicbVBNS8NAEJ3U r1q/oh69LBbBU0lFUS9S8OKxgrGFNpbNdtIu3WzC7kYooT/C iwcVr/4fb/4btx+Itj4YeLw3w8y8MBVcG8/7cgpLyyura8X1 0sbm1vaOu7t3r5NMMfRZIhLVDKlGwSX6hhuBzVQhjUOBjXBw PfYbj6g0T+SdGaYYxLQnecQZNVZqnD20GVes45a9ijcB+SHV eVKGGeod97PdTVgWozRMUK1bVS81QU6V4UzgqNTONKaUDWgP W5ZKGqMO8sm5I3JklS6JEmVLGjJRf0/kNNZ6GIe2M6amr+e9 sfif18pMdBHkXKaZQcmmi6JMEJOQ8e+kyxUyI4aWUKa4vZWw PlWUGZtQyYaw8PIi8U8qlxXv9rRcu5qlUYQDOIRjqMI51OAG 6uADgwE8wQu8Oqnz7Lw579PWgjOb2Yc/cD6+AWNrjyA=</la texit>
90 
<latexit sha1_base64="Vazk 81iXtFDh8JaWjcw8lOy9QNc=">AAAB7nicbVDLSgNBEOyNrxhf UY9eBoPgKWxEiLlIwIvHCK4JJGuYnfQmQ2Zn15lZISz5CS8eVLz 6Pd78GycPRBMLGoqqbrq7gkRwbVz3y8mtrK6tb+Q3C1vbO7t7x f2DOx2niqHHYhGrVkA1Ci7RM9wIbCUKaRQIbAbDq4nffESleSxv zShBP6J9yUPOqLFSq+bedxhXrFssuWV3CvJDKoukBHM0usXPTi9 maYTSMEG1blfcxPgZVYYzgeNCJ9WYUDakfWxbKmmE2s+m947Ji VV6JIyVLWnIVP09kdFI61EU2M6ImoFe9Cbif147NeGFn3GZpAYl my0KU0FMTCbPkx5XyIwYWUKZ4vZWwgZUUWZsRAUbwtLLy8Q7K9 fK7s15qX45TyMPR3AMp1CBKtThGhrgAQMBT/ACr86D8+y8Oe+z1 pwznzmEP3A+vgHYZ49e</latexit><latexit sha1_base64="Vazk 81iXtFDh8JaWjcw8lOy9QNc=">AAAB7nicbVDLSgNBEOyNrxhf UY9eBoPgKWxEiLlIwIvHCK4JJGuYnfQmQ2Zn15lZISz5CS8eVLz 6Pd78GycPRBMLGoqqbrq7gkRwbVz3y8mtrK6tb+Q3C1vbO7t7x f2DOx2niqHHYhGrVkA1Ci7RM9wIbCUKaRQIbAbDq4nffESleSxv zShBP6J9yUPOqLFSq+bedxhXrFssuWV3CvJDKoukBHM0usXPTi9 maYTSMEG1blfcxPgZVYYzgeNCJ9WYUDakfWxbKmmE2s+m947Ji VV6JIyVLWnIVP09kdFI61EU2M6ImoFe9Cbif147NeGFn3GZpAYl my0KU0FMTCbPkx5XyIwYWUKZ4vZWwgZUUWZsRAUbwtLLy8Q7K9 fK7s15qX45TyMPR3AMp1CBKtThGhrgAQMBT/ACr86D8+y8Oe+z1 pwznzmEP3A+vgHYZ49e</latexit><latexit sha1_base64="Vazk 81iXtFDh8JaWjcw8lOy9QNc=">AAAB7nicbVDLSgNBEOyNrxhf UY9eBoPgKWxEiLlIwIvHCK4JJGuYnfQmQ2Zn15lZISz5CS8eVLz 6Pd78GycPRBMLGoqqbrq7gkRwbVz3y8mtrK6tb+Q3C1vbO7t7x f2DOx2niqHHYhGrVkA1Ci7RM9wIbCUKaRQIbAbDq4nffESleSxv zShBP6J9yUPOqLFSq+bedxhXrFssuWV3CvJDKoukBHM0usXPTi9 maYTSMEG1blfcxPgZVYYzgeNCJ9WYUDakfWxbKmmE2s+m947Ji VV6JIyVLWnIVP09kdFI61EU2M6ImoFe9Cbif147NeGFn3GZpAYl my0KU0FMTCbPkx5XyIwYWUKZ4vZWwgZUUWZsRAUbwtLLy8Q7K9 fK7s15qX45TyMPR3AMp1CBKtThGhrgAQMBT/ACr86D8+y8Oe+z1 pwznzmEP3A+vgHYZ49e</latexit>
✓
<latexit sha1_base64 ="2FxBDTvU16kfUv46ggSjaC+8qsM=">AAAB7Hi cbVDLSgNBEOyNrxhfUY9eBoPgKWxEUC8S8OIxgp sEkiXMTmaTMbMzy0yvEEL+wYsHFa9+kDf/xskD0 cSChqKqm+6uKJXCou9/ebmV1bX1jfxmYWt7Z3ev uH9QtzozjAdMS22aEbVcCsUDFCh5MzWcJpHkjWh wM/Ebj9xYodU9DlMeJrSnRCwYRSfV29jnSDvFkl /2pyA/pLJISjBHrVP8bHc1yxKukElqbavipxiOq EHBJB8X2pnlKWUD2uMtRxVNuA1H02vH5MQpXRJr 40ohmaq/J0Y0sXaYRK4zodi3i95E/M9rZRhfhiO h0gy5YrNFcSYJajJ5nXSF4Qzl0BHKjHC3Etanhj J0ARVcCEsvL5PgrHxV9u/OS9XreRp5OIJjOIUKX EAVbqEGATB4gCd4gVdPe8/em/c+a81585lD+APv 4xsQRY74</latexit><latexit sha1_base64 ="2FxBDTvU16kfUv46ggSjaC+8qsM=">AAAB7Hi cbVDLSgNBEOyNrxhfUY9eBoPgKWxEUC8S8OIxgp sEkiXMTmaTMbMzy0yvEEL+wYsHFa9+kDf/xskD0 cSChqKqm+6uKJXCou9/ebmV1bX1jfxmYWt7Z3ev uH9QtzozjAdMS22aEbVcCsUDFCh5MzWcJpHkjWh wM/Ebj9xYodU9DlMeJrSnRCwYRSfV29jnSDvFkl /2pyA/pLJISjBHrVP8bHc1yxKukElqbavipxiOq EHBJB8X2pnlKWUD2uMtRxVNuA1H02vH5MQpXRJr 40ohmaq/J0Y0sXaYRK4zodi3i95E/M9rZRhfhiO h0gy5YrNFcSYJajJ5nXSF4Qzl0BHKjHC3Etanhj J0ARVcCEsvL5PgrHxV9u/OS9XreRp5OIJjOIUKX EAVbqEGATB4gCd4gVdPe8/em/c+a81585lD+APv 4xsQRY74</latexit><latexit sha1_base64 ="2FxBDTvU16kfUv46ggSjaC+8qsM=">AAAB7Hi cbVDLSgNBEOyNrxhfUY9eBoPgKWxEUC8S8OIxgp sEkiXMTmaTMbMzy0yvEEL+wYsHFa9+kDf/xskD0 cSChqKqm+6uKJXCou9/ebmV1bX1jfxmYWt7Z3ev uH9QtzozjAdMS22aEbVcCsUDFCh5MzWcJpHkjWh wM/Ebj9xYodU9DlMeJrSnRCwYRSfV29jnSDvFkl /2pyA/pLJISjBHrVP8bHc1yxKukElqbavipxiOq EHBJB8X2pnlKWUD2uMtRxVNuA1H02vH5MQpXRJr 40ohmaq/J0Y0sXaYRK4zodi3i95E/M9rZRhfhiO h0gy5YrNFcSYJajJ5nXSF4Qzl0BHKjHC3Etanhj J0ARVcCEsvL5PgrHxV9u/OS9XreRp5OIJjOIUKX EAVbqEGATB4gCd4gVdPe8/em/c+a81585lD+APv 4xsQRY74</latexit>
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 /K
<latexit sha1_base64="77LABp4slPCy8ZqC+G6LF5Kw9KY=">AA AB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUC9S8KDgpYKxhTaUyXbTLt1N4u5GKKF/wosHFa/+Hm/+G7dtDlp9MPB4b4aZeUEiuDau++UU FhaXlleKq6W19Y3NrfL2zr2OU0WZR2MRq1aAmgkeMc9wI1grUQxlIFgzGF5O/OYjU5rH0Z0ZJcyX2I94yCkaK7U6VyglHt10yxW36k5B/p JaTiqQo9Etf3Z6MU0liwwVqHW75ibGz1AZTgUblzqpZgnSIfZZ29IIJdN+Nr13TA6s0iNhrGxFhkzVnxMZSq1HMrCdEs1Az3sT8T+vnZrw zM94lKSGRXS2KEwFMTGZPE96XDFqxMgSpIrbWwkdoEJqbEQlG0Jt/uW/xDuunlfd25NK/SJPowh7sA+HUINTqMM1NMADCgKe4AVenQfn2X lz3metBSef2YVfcD6+Acf2j1I=</latexit><latexit sha1_base64="77LABp4slPCy8ZqC+G6LF5Kw9KY=">AA AB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUC9S8KDgpYKxhTaUyXbTLt1N4u5GKKF/wosHFa/+Hm/+G7dtDlp9MPB4b4aZeUEiuDau++UU FhaXlleKq6W19Y3NrfL2zr2OU0WZR2MRq1aAmgkeMc9wI1grUQxlIFgzGF5O/OYjU5rH0Z0ZJcyX2I94yCkaK7U6VyglHt10yxW36k5B/p JaTiqQo9Etf3Z6MU0liwwVqHW75ibGz1AZTgUblzqpZgnSIfZZ29IIJdN+Nr13TA6s0iNhrGxFhkzVnxMZSq1HMrCdEs1Az3sT8T+vnZrw zM94lKSGRXS2KEwFMTGZPE96XDFqxMgSpIrbWwkdoEJqbEQlG0Jt/uW/xDuunlfd25NK/SJPowh7sA+HUINTqMM1NMADCgKe4AVenQfn2X lz3metBSef2YVfcD6+Acf2j1I=</latexit><latexit sha1_base64="77LABp4slPCy8ZqC+G6LF5Kw9KY=">AA AB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUC9S8KDgpYKxhTaUyXbTLt1N4u5GKKF/wosHFa/+Hm/+G7dtDlp9MPB4b4aZeUEiuDau++UU FhaXlleKq6W19Y3NrfL2zr2OU0WZR2MRq1aAmgkeMc9wI1grUQxlIFgzGF5O/OYjU5rH0Z0ZJcyX2I94yCkaK7U6VyglHt10yxW36k5B/p JaTiqQo9Etf3Z6MU0liwwVqHW75ibGz1AZTgUblzqpZgnSIfZZ29IIJdN+Nr13TA6s0iNhrGxFhkzVnxMZSq1HMrCdEs1Az3sT8T+vnZrw zM94lKSGRXS2KEwFMTGZPE96XDFqxMgSpIrbWwkdoEJqbEQlG0Jt/uW/xDuunlfd25NK/SJPowh7sA+HUINTqMM1NMADCgKe4AVenQfn2X lz3metBSef2YVfcD6+Acf2j1I=</latexit>
(a)
[111] k c⇤
<latexit sha1_base64 ="hmXcQgjOqfFUybP4N7cj1RIdRmg=">AAAB+3i cbVBNS8NAEN34WetXtEcvi0UQDyURQb0VvXisYG whjWWznbRLN5uwuxFCqH/FiwcVr/4Rb/4bt20O2 vpg4PHeDDPzwpQzpR3n21paXlldW69sVDe3tnd2 7b39e5VkkoJHE57ITkgUcCbA00xz6KQSSBxyaIe j64nffgSpWCLudJ5CEJOBYBGjRBupZ9d813UD3E 2JJJwDx/ThpGfXnYYzBV4kbknqqESrZ391+wnN YhCacqKU7zqpDgoiNaMcxtVupiAldEQG4BsqSAw qKKbHj/GRUfo4SqQpofFU/T1RkFipPA5NZ0z0UM 17E/E/z890dBEUTKSZBkFni6KMY53gSRK4zyRQz XNDCJXM3Irp0MRAtcmrakJw519eJN5p47Lh3J7V m1dlGhV0gA7RMXLROWqiG9RCHqIoR8/oFb1ZT9a L9W59zFqXrHKmhv7A+vwBJpmTWw==</latexit><latexit sha1_base64 ="hmXcQgjOqfFUybP4N7cj1RIdRmg=">AAAB+3i cbVBNS8NAEN34WetXtEcvi0UQDyURQb0VvXisYG whjWWznbRLN5uwuxFCqH/FiwcVr/4Rb/4bt20O2 vpg4PHeDDPzwpQzpR3n21paXlldW69sVDe3tnd2 7b39e5VkkoJHE57ITkgUcCbA00xz6KQSSBxyaIe j64nffgSpWCLudJ5CEJOBYBGjRBupZ9d813UD3E 2JJJwDx/ThpGfXnYYzBV4kbknqqESrZ391+wnN YhCacqKU7zqpDgoiNaMcxtVupiAldEQG4BsqSAw qKKbHj/GRUfo4SqQpofFU/T1RkFipPA5NZ0z0UM 17E/E/z890dBEUTKSZBkFni6KMY53gSRK4zyRQz XNDCJXM3Irp0MRAtcmrakJw519eJN5p47Lh3J7V m1dlGhV0gA7RMXLROWqiG9RCHqIoR8/oFb1ZT9a L9W59zFqXrHKmhv7A+vwBJpmTWw==</latexit><latexit sha1_base64 ="hmXcQgjOqfFUybP4N7cj1RIdRmg=">AAAB+3i cbVBNS8NAEN34WetXtEcvi0UQDyURQb0VvXisYG whjWWznbRLN5uwuxFCqH/FiwcVr/4Rb/4bt20O2 vpg4PHeDDPzwpQzpR3n21paXlldW69sVDe3tnd2 7b39e5VkkoJHE57ITkgUcCbA00xz6KQSSBxyaIe j64nffgSpWCLudJ5CEJOBYBGjRBupZ9d813UD3E 2JJJwDx/ThpGfXnYYzBV4kbknqqESrZ391+wnN YhCacqKU7zqpDgoiNaMcxtVupiAldEQG4BsqSAw qKKbHj/GRUfo4SqQpofFU/T1RkFipPA5NZ0z0UM 17E/E/z890dBEUTKSZBkFni6KMY53gSRK4zyRQz XNDCJXM3Irp0MRAtcmrakJw519eJN5p47Lh3J7V m1dlGhV0gA7RMXLROWqiG9RCHqIoR8/oFb1ZT9a L9W59zFqXrHKmhv7A+vwBJpmTWw==</latexit>
[112¯] k a⇤
<latexit sha1_base64= "qYp3SQS6PfVDL0J4DNAnGXglI8g=">AAACA3icb VBNS8NAEN34WetX1GMvi0UQDyUpgnorevFYwdhCG stmO2mXbjZhdyOU0IMX/4oXDype/RPe/Ddu2xy09 cHA470ZZuaFKWdKO863tbS8srq2Xtoob25t7+zae /t3KskkBY8mPJHtkCjgTICnmebQTiWQOOTQCodXE 7/1AFKxRNzqUQpBTPqCRYwSbaSuXfFdF+edkEhcH we4kxJJOAeOyf1J1646NWcKvEjcglRRgWbX/ur0E prFIDTlRCnfdVId5ERqRjmMy51MQUrokPTBN1SQG FSQT58Y4yOj9HCUSFNC46n6eyInsVKjODSdMdEDN e9NxP88P9PReZAzkWYaBJ0tijKOdYInieAek0A1H xlCqGTmVkwHJgaqTW5lE4I7//Ii8eq1i5pzc1ptX BZplFAFHaJj5KIz1EDXqIk8RNEjekav6M16sl6sd +tj1rpkFTMH6A+szx/AGZZz</latexit><latexit sha1_base64= "qYp3SQS6PfVDL0J4DNAnGXglI8g=">AAACA3icb VBNS8NAEN34WetX1GMvi0UQDyUpgnorevFYwdhCG stmO2mXbjZhdyOU0IMX/4oXDype/RPe/Ddu2xy09 cHA470ZZuaFKWdKO863tbS8srq2Xtoob25t7+zae /t3KskkBY8mPJHtkCjgTICnmebQTiWQOOTQCodXE 7/1AFKxRNzqUQpBTPqCRYwSbaSuXfFdF+edkEhcH we4kxJJOAeOyf1J1646NWcKvEjcglRRgWbX/ur0E prFIDTlRCnfdVId5ERqRjmMy51MQUrokPTBN1SQG FSQT58Y4yOj9HCUSFNC46n6eyInsVKjODSdMdEDN e9NxP88P9PReZAzkWYaBJ0tijKOdYInieAek0A1H xlCqGTmVkwHJgaqTW5lE4I7//Ii8eq1i5pzc1ptX BZplFAFHaJj5KIz1EDXqIk8RNEjekav6M16sl6sd +tj1rpkFTMH6A+szx/AGZZz</latexit><latexit sha1_base64= "qYp3SQS6PfVDL0J4DNAnGXglI8g=">AAACA3icb VBNS8NAEN34WetX1GMvi0UQDyUpgnorevFYwdhCG stmO2mXbjZhdyOU0IMX/4oXDype/RPe/Ddu2xy09 cHA470ZZuaFKWdKO863tbS8srq2Xtoob25t7+zae /t3KskkBY8mPJHtkCjgTICnmebQTiWQOOTQCodXE 7/1AFKxRNzqUQpBTPqCRYwSbaSuXfFdF+edkEhcH we4kxJJOAeOyf1J1646NWcKvEjcglRRgWbX/ur0E prFIDTlRCnfdVId5ERqRjmMy51MQUrokPTBN1SQG FSQT58Y4yOj9HCUSFNC46n6eyInsVKjODSdMdEDN e9NxP88P9PReZAzkWYaBJ0tijKOdYInieAek0A1H xlCqGTmVkwHJgaqTW5lE4I7//Ii8eq1i5pzc1ptX BZplFAFHaJj5KIz1EDXqIk8RNEjekav6M16sl6sd +tj1rpkFTMH6A+szx/AGZZz</latexit>
✓
<latexit sha1_base64="v 7av2wvhmM6P1oSMpfBk/bNWqGM=">AAAB7HicbVDLSgNB EOyNrxhfUY9eBoPgKWxEUG9BLx4juEkgWcLsZDYZMzuzzP QKIeQfvHhQ8eoHefNvnDwQTSxoKKq66e6KUiks+v6Xl1t ZXVvfyG8WtrZ3dveK+wd1qzPDeMC01KYZUculUDxAgZI3 U8NpEkneiAY3E7/xyI0VWt3jMOVhQntKxIJRdFK9jX2Ot FMs+WV/CvJDKoukBHPUOsXPdlezLOEKmaTWtip+iuGIGhR M8nGhnVmeUjagPd5yVNGE23A0vXZMTpzSJbE2rhSSqfp7 YkQTa4dJ5DoTin276E3E/7xWhvFlOBIqzZArNlsUZ5KgJ pPXSVcYzlAOHaHMCHcrYX1qKEMXUMGFsPTyMgnOyldl/+ 68VL2ep5GHIziGU6jABVThFmoQAIMHeIIXePW09+y9ee+z 1pw3nzmEP/A+vgEReY78</latexit><latexit sha1_base64="v 7av2wvhmM6P1oSMpfBk/bNWqGM=">AAAB7HicbVDLSgNB EOyNrxhfUY9eBoPgKWxEUG9BLx4juEkgWcLsZDYZMzuzzP QKIeQfvHhQ8eoHefNvnDwQTSxoKKq66e6KUiks+v6Xl1t ZXVvfyG8WtrZ3dveK+wd1qzPDeMC01KYZUculUDxAgZI3 U8NpEkneiAY3E7/xyI0VWt3jMOVhQntKxIJRdFK9jX2Ot FMs+WV/CvJDKoukBHPUOsXPdlezLOEKmaTWtip+iuGIGhR M8nGhnVmeUjagPd5yVNGE23A0vXZMTpzSJbE2rhSSqfp7 YkQTa4dJ5DoTin276E3E/7xWhvFlOBIqzZArNlsUZ5KgJ pPXSVcYzlAOHaHMCHcrYX1qKEMXUMGFsPTyMgnOyldl/+ 68VL2ep5GHIziGU6jABVThFmoQAIMHeIIXePW09+y9ee+z 1pw3nzmEP/A+vgEReY78</latexit><latexit sha1_base64="v 7av2wvhmM6P1oSMpfBk/bNWqGM=">AAAB7HicbVDLSgNB EOyNrxhfUY9eBoPgKWxEUG9BLx4juEkgWcLsZDYZMzuzzP QKIeQfvHhQ8eoHefNvnDwQTSxoKKq66e6KUiks+v6Xl1t ZXVvfyG8WtrZ3dveK+wd1qzPDeMC01KYZUculUDxAgZI3 U8NpEkneiAY3E7/xyI0VWt3jMOVhQntKxIJRdFK9jX2Ot FMs+WV/CvJDKoukBHPUOsXPdlezLOEKmaTWtip+iuGIGhR M8nGhnVmeUjagPd5yVNGE23A0vXZMTpzSJbE2rhSSqfp7 YkQTa4dJ5DoTin276E3E/7xWhvFlOBIqzZArNlsUZ5KgJ pPXSVcYzlAOHaHMCHcrYX1qKEMXUMGFsPTyMgnOyldl/+ 68VL2ep5GHIziGU6jABVThFmoQAIMHeIIXePW09+y9ee+z 1pw3nzmEP/A+vgEReY78</latexit>
PS
KSL
ZZ
ZZ
PS
 0.8
<latexit sha1_base64="UdS8DPiN/9d8NjWln 77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qg l9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9U J8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLV r331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0n ojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZ RJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</ latexit><latexit sha1_base64="UdS8DPiN/9d8NjWln 77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qg l9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9U J8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLV r331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0n ojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZ RJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</ latexit><latexit sha1_base64="UdS8DPiN/9d8NjWln 77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qg l9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9U J8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLV r331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0n ojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZ RJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</ latexit>
 0.6
<latexit sha1_base64="KJ9uYp9/INIrU7sC1/bgfV3kotc=">AAAB6nicbVBNS8NAEJ34WetX1 aOXxSJ4MSQiftyKXjxWMLbQhrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8KOVMG8/7dpaWV1bX1isb1c2t7Z3d2t7+o04yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0ui381hNVmiXywY xTGgo8kCxmBJtCOvXci16t7rneFGiR+CWpQ4lmr/bV7SckE1QawrHWHd9LTZhjZRjhdFLtZpqmmIzwgHYslVhQHebTWyfo2Cp9FCfKljRoqv6eyLHQeiwi2ymwGep5rxD/8zqZia/CnMk0M1SS2aI448g kqHgc9ZmixPCxJZgoZm9FZIgVJsbGU7Uh+PMvL5LgzL12vfvzeuOmTKMCh3AEJ+DDJTTgDpoQAIEhPMMrvDnCeXHenY9Z65JTzhzAHzifPzJ7jTY=</latexit><latexit sha1_base64="KJ9uYp9/INIrU7sC1/bgfV3kotc=">AAAB6nicbVBNS8NAEJ34WetX1 aOXxSJ4MSQiftyKXjxWMLbQhrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8KOVMG8/7dpaWV1bX1isb1c2t7Z3d2t7+o04yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0ui381hNVmiXywY xTGgo8kCxmBJtCOvXci16t7rneFGiR+CWpQ4lmr/bV7SckE1QawrHWHd9LTZhjZRjhdFLtZpqmmIzwgHYslVhQHebTWyfo2Cp9FCfKljRoqv6eyLHQeiwi2ymwGep5rxD/8zqZia/CnMk0M1SS2aI448g kqHgc9ZmixPCxJZgoZm9FZIgVJsbGU7Uh+PMvL5LgzL12vfvzeuOmTKMCh3AEJ+DDJTTgDpoQAIEhPMMrvDnCeXHenY9Z65JTzhzAHzifPzJ7jTY=</latexit><latexit sha1_base64="KJ9uYp9/INIrU7sC1/bgfV3kotc=">AAAB6nicbVBNS8NAEJ34WetX1 aOXxSJ4MSQiftyKXjxWMLbQhrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8KOVMG8/7dpaWV1bX1isb1c2t7Z3d2t7+o04yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0ui381hNVmiXywY xTGgo8kCxmBJtCOvXci16t7rneFGiR+CWpQ4lmr/bV7SckE1QawrHWHd9LTZhjZRjhdFLtZpqmmIzwgHYslVhQHebTWyfo2Cp9FCfKljRoqv6eyLHQeiwi2ymwGep5rxD/8zqZia/CnMk0M1SS2aI448g kqHgc9ZmixPCxJZgoZm9FZIgVJsbGU7Uh+PMvL5LgzL12vfvzeuOmTKMCh3AEJ+DDJTTgDpoQAIEhPMMrvDnCeXHenY9Z65JTzhzAHzifPzJ7jTY=</latexit>
 0.4
<latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1a OXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpD QUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA 6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit><latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1a OXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpD QUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA 6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit><latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1a OXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpD QUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA 6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit>
 0.2
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<latexit sha1_base64="hq8jJjpGVYc1VOxtdAWgQ6BoavA=">AAAB 6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+ Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV 8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjRpALlWbIFVsMijJJMCGzu8lA aM5QTiyhTAu7K2EjqilDm07FhuAtn7xK/Iv6dd29u6w1G0UaZTiBUzgHD66gCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4AvOOM7w==</ latexit><latexit sha1_base64="hq8jJjpGVYc1VOxtdAWgQ6BoavA=">AAAB 6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+ Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV 8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjRpALlWbIFVsMijJJMCGzu8lA aM5QTiyhTAu7K2EjqilDm07FhuAtn7xK/Iv6dd29u6w1G0UaZTiBUzgHD66gCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4AvOOM7w==</ latexit><latexit sha1_base64="hq8jJjpGVYc1VOxtdAWgQ6BoavA=">AAAB 6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+ Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV 8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjRpALlWbIFVsMijJJMCGzu8lA aM5QTiyhTAu7K2EjqilDm07FhuAtn7xK/Iv6dd29u6w1G0UaZTiBUzgHD66gCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4AvOOM7w==</ latexit> 1.0
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FIG. 1. (a) The angle θ is measured from [111] towards the in-plane [112] direction. Phase
diagrams in the Γ/K–h plane (FM Kitaev and AFM Γ) obtained from the 24-site ED honeycomb
cluster are shown for (b) θ = 5◦ and (c) θ = 90◦ at a fixed Γ′ = −0.03 in units of √K2 + Γ2 ≡ 1.
Circular and triangular symbols represent peaks in the susceptibilities χΓ/K and χh, respectively.
The intermediate-field KSL is seen to be adiabatically connected to the pure K limit. Colours
represent the expectation value of the plaquette operator 〈Wp〉, which is discussed further in the
main text. A sequence of phase transitions from ZZ order to the KSL, and finally the PS is found
for θ = 5◦, except near the pure K limit. The green line in (b) at Γ/K ' −0.37 denotes a
representative slice where χh and S(q) are plotted in Fig. 2.
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To describe the effect of a magnetic field, we consider a Zeeman term with isotropic
g-factor
HZ = −h
∑
j
hˆ · Sj, (2)
where h is the magnetic field strength, and hˆ is a unit vector specifying the field direction.
In order to make a connection with the thermal Hall measurements33, we focus on field
directions in the aˆcˆ∗ plane spanned by [112] and [111]. The direction of the field in this
plane is parameterized by an angle θ from the [111] direction, as shown in Fig. 1(a).
ED Results – Our main results are shown in Fig. 1. Phase diagrams in the Γ/K – h plane
are shown for tilting angles θ = 5◦ and 90◦ obtained through numerical exact diagonalization
(ED). Details of the 24-site honeycomb cluster used are discussed in the Supplementary
Information (SI). Peaks in the susceptibilities χΓ/K = −∂2Γ/Ke0 and χh = −∂2he0, where e0 =
E0/N is the ground state energy density, are depicted as triangles and circles, respectively.
There are three phases in the phase space, namely, ZZ magnetic order at low fields, the
KSL, and a polarized state (PS) at high fields. Remarkably, we find an intermediate KSL
sitting between ZZ order and the PS, which is adiabatically connected to the pure K limit.
The intermediate KSL begins from the pure FM K regime, which is unstable to a small
magnetic field in the [111] direction. However, it is stabilized by the AFM Γ term, and
extends above the ZZ phase in a magnetic field. For moderate Γ/|K| appropriate for α-
RuCl3, we observe a sequence of phase transitions from ZZ order to the KSL, and finally
to the PS as shown in Fig. 2(b) for Γ/K ' −0.37. Interestingly, with a constant Γ′ both
the ZZ and KSL phase spaces widen with increasing Γ, as suggested by the curvature of
the transition line in Fig. 1(b). This behaviour survives for further tilting of the magnetic
field away from [111], with increased [112] in-plane component. However, the window of the
KSL rapidly diminishes with tilting angle until a direct transition between ZZ order and the
PS appears at much smaller field, as shown in Fig. 1(c) for a [112] field. The critical field
required to destroy the ZZ ordering drops drastically with increasing θ. With an estimate
of the energy unit as
√
K2 + Γ2 ∼ 7 meV, h = 0.1 corresponds to a field of ∼ 10 T. This is
within the range of fields required to kill the ZZ order in α-RuCl3
33.
Since the pure Kitaev limit involves the fractionalization of spins into itinerant MFs and
Z2 fluxes, another quantity that characterizes the KSL is the plaquette operator Wp1:
Wp = 2
6Sx1S
y
2S
z
3S
x
4S
y
5S
z
6 , (3)
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FIG. 2. (a) Spin structure factor S(q) within the ZZ, KSL, and PS phases. (b) χh = −∂2he0 and
magnetization m = −∂he0 as a function of a 5◦ tilted field are shown for a fixed Γ/K ' −0.37,
indicated by a green dashed line in Fig. 1(b).
defined on sites belonging to a hexagonal plaquette p. The pure KSL with h = Γ = Γ′ = 0
(bottom right corner of the phase diagram) is a flux-free state with 〈Wp〉 = +1 on all
plaquettes. A finite Γ, Γ′ or h spoils the exact solubility of the Kitaev model, as they
generate interactions among the MFs and Z2 fluxes. Although the plaquette operators are
no longer conserved quantities, 〈Wp〉 remains positive and can distinguish the KSL from the
neighbouring ZZ ordered phase. The ZZ and PS phases have finite plaquette expectation
and plaquette-plaquette correlations due to the magnetic order. In particular, a FM product
state in the polarized phase at high fields has positive 〈Wp〉 for small θ, which eventually
vanishes unless the moment involves all three spin components. Conversely, ZZ magnetic
order has negative plaquette expectation value. Further details of this calculation can be
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found in the SI. The plaquette expectation is negative in the ZZ phase, and positive in the
KSL, so 〈Wp〉 should vanish at the ZZ-KSL phase transition. This behaviour of 〈Wp〉 is seen
with ED on the 24-site honeycomb cluster in Fig. 1. It is interesting to note that there is no
sharp change in 〈Wp〉 between the ZZ and PS when the field is along [112], while a remnant
of the vanishing 〈Wp〉 is found at higher fields.
To confirm the ZZ magnetically ordered phase at low field, we compute the spin structure
factor S(q), which displays sharp features at the M -point of the Brillouin zone (BZ) as
shown in Fig. 2(a). Within the KSL, S(q) is diffuse, with a soft peak at the Γ-point. As
expected, the PS exhibits a sharp feature at the Γ-point. At large fields, the magnetization
m = −∂he0 saturates within the PS as shown in Fig. 2(b). ZZ ordering at low field can be
traced back to the presence of other small interactions, in this case due to Γ′5,12,13,27. At zero
field with Γ′ = −0.03 only, the ZZ order disappears at Γ/K ' −0.09 in the 24-site cluster
leaving a small window of the KSL intact. A larger Γ′ enlarges the ZZ ordered phase, and
decreases the window of KSL at h = 0 as shown in Fig. 2 of the SI.
DMRG Results – Due to fundamental limitations on system sizes accessible with ED,
we have also studied a two-leg honeycomb strip using density-matrix renormalization group
(DMRG), which can access system sizes an order of magnitude larger. We denote the total
number of sites in the strip by N . This geometry has recently been used to study the Kitaev-
Heisenberg model49, where it was found that its phase diagram displays a striking similarity
with that of the 2D honeycomb lattice. Further rationale for this choice of geometry is
discussed in the SI.
Phase diagrams in the Γ/K – h plane with N = 200 and open boundary conditions (OBC)
for tilting angles θ = 0◦, 5◦ and 90◦ are shown in Fig. 3. The phase boundaries in Fig. 3,
determined by peaks in χh or χΓ/K, are represented by red lines. We find a notable similarity
with the ED phase diagram of Fig. 1, showing a large region of KSL which extends above
the ZZ ordered phase and below the PS under a magnetic field. As the in-plane component
of the field becomes larger, the intermediate KSL phase space rapidly shrinks. As we found
with ED on the 24-site honeycomb cluster, the intermediate KSL at large Γ/|K| disappears,
leaving a single direct transition from ZZ to the PS as the field tilts towards 90◦. Crucially, a
small region of KSL remains intact at smaller Γ/|K|. Thus, with the in-plane [112] field, the
KSL is confined to a narrow range of field near the pure FM Kitaev limit. This constrasts
with another in-plane field direction [110], shown in the SI, where the KSL is immediately
7
(c)
0
<latexit sha1_base64="DfemnTLialK+ve98TKLnkz30pz8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWabq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDnZoyH</latexit><latexit sha1_base64="DfemnTLialK+ve98TKLnkz30pz8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWabq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDnZoyH</latexit><latexit sha1_base64="DfemnTLialK+ve98TKLnkz30pz8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWabq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDnZoyH</latexit>
−0.4
<latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit><latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit><latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit>
−0.8
<latexit sha1_base64="UdS8DPiN/9d8NjWln77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZRJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</latexit><latexit sha1_base64="UdS8DPiN/9d8NjWln77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZRJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</latexit><latexit sha1_base64="UdS8DPiN/9d8NjWln77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZRJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</latexit>
(f)
(a)
Γ/K
<latexit sha1_base64="tDQxmkkoyDCQL1yN5dHMxqqZDUo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUG9FDwpeKhhbaEOZbDft0t0k7m6EEvonvHhQ8erv8ea/cdvmoNUHA4/3ZpiZFySCa+O6X05hYXFpeaW4Wlpb39jcKm/v3Os4VZR5NBaxagWomeAR8ww3grUSxVAGgjWD4eXEbz4ypXkc3ZlRwnyJ/YiHnKKxUqtzhVLi0U23XHGr7hTkL6nlpAI5Gt3yZ6cX01SyyFCBWrdrbmL8DJXhVLBxqZNqliAdYp+1LY1QMu1n03vH5MAqPRLGylZkyFT9OZGh1HokA9sp0Qz0vDcR//PaqQnP/IxHSWpYRGeLwlQQE5PJ86THFaNGjCxBqri9ldABKqTGRlSyIdTmX/5LvOPqedW9PanUL/I0irAH+3AINTiFOlxDAzygIOAJXuDVeXCenTfnfdZacPKZXfgF5+MbySqPVg==</latexit><latexit sha1_base64="tDQxmkkoyDCQL1yN5dHMxqqZDUo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUG9FDwpeKhhbaEOZbDft0t0k7m6EEvonvHhQ8erv8ea/cdvmoNUHA4/3ZpiZFySCa+O6X05hYXFpeaW4Wlpb39jcKm/v3Os4VZR5NBaxagWomeAR8ww3grUSxVAGgjWD4eXEbz4ypXkc3ZlRwnyJ/YiHnKKxUqtzhVLi0U23XHGr7hTkL6nlpAI5Gt3yZ6cX01SyyFCBWrdrbmL8DJXhVLBxqZNqliAdYp+1LY1QMu1n03vH5MAqPRLGylZkyFT9OZGh1HokA9sp0Qz0vDcR//PaqQnP/IxHSWpYRGeLwlQQE5PJ86THFaNGjCxBqri9ldABKqTGRlSyIdTmX/5LvOPqedW9PanUL/I0irAH+3AINTiFOlxDAzygIOAJXuDVeXCenTfnfdZacPKZXfgF5+MbySqPVg==</latexit><latexit sha1_base64="tDQxmkkoyDCQL1yN5dHMxqqZDUo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUG9FDwpeKhhbaEOZbDft0t0k7m6EEvonvHhQ8erv8ea/cdvmoNUHA4/3ZpiZFySCa+O6X05hYXFpeaW4Wlpb39jcKm/v3Os4VZR5NBaxagWomeAR8ww3grUSxVAGgjWD4eXEbz4ypXkc3ZlRwnyJ/YiHnKKxUqtzhVLi0U23XHGr7hTkL6nlpAI5Gt3yZ6cX01SyyFCBWrdrbmL8DJXhVLBxqZNqliAdYp+1LY1QMu1n03vH5MAqPRLGylZkyFT9OZGh1HokA9sp0Qz0vDcR//PaqQnP/IxHSWpYRGeLwlQQE5PJ86THFaNGjCxBqri9ldABKqTGRlSyIdTmX/5LvOPqedW9PanUL/I0irAH+3AINTiFOlxDAzygIOAJXuDVeXCenTfnfdZacPKZXfgF5+MbySqPVg==</latexit>
Γ/K
<latexit sha1_base64="tDQxmkkoyDCQL1yN5dHMxqqZDUo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUG9FDwpeKhhbaEOZbDft0t0k7m6EEvonvHhQ8erv8ea/cdvmoNUHA4/3ZpiZFySCa+O6X05hYXFpeaW4Wlpb39jcKm/v3Os4VZR5NBaxagWomeAR8ww3grUSxVAGgjWD4eXEbz4ypXkc3ZlRwnyJ/YiHnKKxUqtzhVLi0U23XHGr7hTkL6nlpAI5Gt3yZ6cX01SyyFCBWrdrbmL8DJXhVLBxqZNqliAdYp+1LY1QMu1n03vH5MAqPRLGylZkyFT9OZGh1HokA9sp0Qz0vDcR//PaqQnP/IxHSWpYRGeLwlQQE5PJ86THFaNGjCxBqri9ldABKqTGRlSyIdTmX/5LvOPqedW9PanUL/I0irAH+3AINTiFOlxDAzygIOAJXuDVeXCenTfnfdZacPKZXfgF5+MbySqPVg==</latexit><latexit sha1_base64="tDQxmkkoyDCQL1yN5dHMxqqZDUo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUG9FDwpeKhhbaEOZbDft0t0k7m6EEvonvHhQ8erv8ea/cdvmoNUHA4/3ZpiZFySCa+O6X05hYXFpeaW4Wlpb39jcKm/v3Os4VZR5NBaxagWomeAR8ww3grUSxVAGgjWD4eXEbz4ypXkc3ZlRwnyJ/YiHnKKxUqtzhVLi0U23XHGr7hTkL6nlpAI5Gt3yZ6cX01SyyFCBWrdrbmL8DJXhVLBxqZNqliAdYp+1LY1QMu1n03vH5MAqPRLGylZkyFT9OZGh1HokA9sp0Qz0vDcR//PaqQnP/IxHSWpYRGeLwlQQE5PJ86THFaNGjCxBqri9ldABKqTGRlSyIdTmX/5LvOPqedW9PanUL/I0irAH+3AINTiFOlxDAzygIOAJXuDVeXCenTfnfdZacPKZXfgF5+MbySqPVg==</latexit><latexit sha1_base64="tDQxmkkoyDCQL1yN5dHMxqqZDUo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01FUG9FDwpeKhhbaEOZbDft0t0k7m6EEvonvHhQ8erv8ea/cdvmoNUHA4/3ZpiZFySCa+O6X05hYXFpeaW4Wlpb39jcKm/v3Os4VZR5NBaxagWomeAR8ww3grUSxVAGgjWD4eXEbz4ypXkc3ZlRwnyJ/YiHnKKxUqtzhVLi0U23XHGr7hTkL6nlpAI5Gt3yZ6cX01SyyFCBWrdrbmL8DJXhVLBxqZNqliAdYp+1LY1QMu1n03vH5MAqPRLGylZkyFT9OZGh1HokA9sp0Qz0vDcR//PaqQnP/IxHSWpYRGeLwlQQE5PJ86THFaNGjCxBqri9ldABKqTGRlSyIdTmX/5LvOPqedW9PanUL/I0irAH+3AINTiFOlxDAzygIOAJXuDVeXCenTfnfdZacPKZXfgF5+MbySqPVg==</latexit>
PS
KSL
ZZ
(b)
−0.4
<latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit><latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit><latexit sha1_base64="hEaFkvbntn6VYxw6VbtAi79MSP0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSRSUG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4qswZzLNDJVkvijOODIJKh5HA6YoMXxiCSaK2VsRGWGFibHxVG0I/uLLyyS4cK9d775Rb96UaVTgGE7gDHy4hCbcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBy91jTQ=</latexit>
−0.8
<latexit sha1_base64="UdS8DPiN/9d8NjWln77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZRJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</latexit><latexit sha1_base64="UdS8DPiN/9d8NjWln77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZRJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</latexit><latexit sha1_base64="UdS8DPiN/9d8NjWln77jy5PzTrU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4MSQiWG9FLx4rGFtoQ9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZelHKmjed9Oyura+sbm5Wt6vbO7t5+7eDwUSeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsa3xZ++4kqzRL5YCYpDQUeShYzgk0hnXtuo1+re643A1omfknqUKLVr331BgnJBJWGcKx11/dSE+ZYGUY4nVZ7maYpJmM8pF1LJRZUh/ns1ik6tcoAxYmyJQ2aqb8nciy0nojIdgpsRnrRK8T/vG5m4kaYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4qjYEf/HlZRJcuNeud39Zb96UaVTgGE7gDHy4gibcQQsCIDCCZ3iFN0c4L8678zFvXXHKmSP4A+fzBzWBjTg=</latexit>
(d)
(e)
0
<latexit sha1_base64="DfemnTLialK+ve98TKLnkz30pz8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWabq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDnZoyH</latexit><latexit sha1_base64="DfemnTLialK+ve98TKLnkz30pz8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWabq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDnZoyH</latexit><latexit sha1_base64="DfemnTLialK+ve98TKLnkz30pz8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWabq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDnZoyH</latexit>
ZZ
KSL
ZZ
KSL
PS
θ = 0 
PS
θ = 5 
θ = 90  θ = 90 
θ = 5 
θ = 0 
h
<late xit sha1_base64="lt6MdrejM YgtNBMJ4G/0FERlp4M=">AA AB53icbVBNS8NAEJ34WetX1aOX xSJ4KokI6q3oxWMLxhbaUDb bSbt2swm7G6GE/gIvHlS8+pe8+ W/ctjlo64OBx3szzMwLU8G1 cd1vZ2V1bX1js7RV3t7Z3duvHB w+6CRTDH2WiES1Q6pRcIm+4 UZgO1VI41BgKxzdTv3WEyrNE3l vxikGMR1IHnFGjZWaw16l6t bcGcgy8QpShQKNXuWr209YFqM0 TFCtO56bmiCnynAmcFLuZhp TykZ0gB1LJY1RB/ns0Ak5tUqfR ImyJQ2Zqb8nchprPY5D2xlT M9SL3lT8z+tkJroKci7TzKBk80 VRJohJyPRr0ucKmRFjSyhT3 N5K2JAqyozNpmxD8BZfXib+ee2 65jYvqvWbIo0SHMMJnIEHl1 CHO2iADwwQnuEV3pxH58V5dz7m rStOMXMEf+B8/gA8HYy/</ latexit><late xit sha1_base64="lt6MdrejM YgtNBMJ4G/0FERlp4M=">AA AB53icbVBNS8NAEJ34WetX1aOX xSJ4KokI6q3oxWMLxhbaUDb bSbt2swm7G6GE/gIvHlS8+pe8+ W/ctjlo64OBx3szzMwLU8G1 cd1vZ2V1bX1js7RV3t7Z3duvHB w+6CRTDH2WiES1Q6pRcIm+4 UZgO1VI41BgKxzdTv3WEyrNE3l vxikGMR1IHnFGjZWaw16l6t bcGcgy8QpShQKNXuWr209YFqM0 TFCtO56bmiCnynAmcFLuZhp TykZ0gB1LJY1RB/ns0Ak5tUqfR ImyJQ2Zqb8nchprPY5D2xlT M9SL3lT8z+tkJroKci7TzKBk80 VRJohJyPRr0ucKmRFjSyhT3 N5K2JAqyozNpmxD8BZfXib+ee2 65jYvqvWbIo0SHMMJnIEHl1 CHO2iADwwQnuEV3pxH58V5dz7m rStOMXMEf+B8/gA8HYy/</ latexit><late xit sha1_base64="lt6MdrejM YgtNBMJ4G/0FERlp4M=">AA AB53icbVBNS8NAEJ34WetX1aOX xSJ4KokI6q3oxWMLxhbaUDb bSbt2swm7G6GE/gIvHlS8+pe8+ W/ctjlo64OBx3szzMwLU8G1 cd1vZ2V1bX1js7RV3t7Z3duvHB w+6CRTDH2WiES1Q6pRcIm+4 UZgO1VI41BgKxzdTv3WEyrNE3l vxikGMR1IHnFGjZWaw16l6t bcGcgy8QpShQKNXuWr209YFqM0 TFCtO56bmiCnynAmcFLuZhp TykZ0gB1LJY1RB/ns0Ak5tUqfR ImyJQ2Zqb8nchprPY5D2xlT M9SL3lT8z+tkJroKci7TzKBk80 VRJohJyPRr0ucKmRFjSyhT3 N5K2JAqyozNpmxD8BZfXib+ee2 65jYvqvWbIo0SHMMJnIEHl1 CHO2iADwwQnuEV3pxH58V5dz7m rStOMXMEf+B8/gA8HYy/</ latexit>
1.2<latexit sha1_base64=" +4/eRQkzyAA ud5aXgFJ2RRD/ 3FM=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4CkkRP24FLx4 rGltoQ9lsJ+ 3SzSbsboRS+hO 8eFDx6j/y5r9 x2+agrQ8GHu/N MDMvygTXxvO +nZXVtfWNzdJW eXtnd2+/cnD4 qNNcMQxYKlLVi qhGwSUGhhuB rUwhTSKBzWh4M /WbT6g0T+WDG WUYJrQvecwZNV a6991at1L1X G8Gskz8glShQK Nb+er0UpYnKA 0TVOu272UmHFN lOBM4KXdyjR llQ9rHtqWSJqj D8ezUCTm1So/ EqbIlDZmpvyfG NNF6lES2M6F moBe9qfif185N fBWOucxyg5LN F8W5ICYl079Jj ytkRowsoUxx eythA6ooMzads g3BX3x5mQQ19 9r17s6r9YsijR IcwwmcgQ+XU IdbaEAADPrwDK /w5gjnxXl3P uatK04xcwR/4H z+AMDUjPA=</ latexit><latexit sha1_base64=" +4/eRQkzyAA ud5aXgFJ2RRD/ 3FM=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4CkkRP24FLx4 rGltoQ9lsJ+ 3SzSbsboRS+hO 8eFDx6j/y5r9 x2+agrQ8GHu/N MDMvygTXxvO +nZXVtfWNzdJW eXtnd2+/cnD4 qNNcMQxYKlLVi qhGwSUGhhuB rUwhTSKBzWh4M /WbT6g0T+WDG WUYJrQvecwZNV a6991at1L1X G8Gskz8glShQK Nb+er0UpYnKA 0TVOu272UmHFN lOBM4KXdyjR llQ9rHtqWSJqj D8ezUCTm1So/ EqbIlDZmpvyfG NNF6lES2M6F moBe9qfif185N fBWOucxyg5LN F8W5ICYl079Jj ytkRowsoUxx eythA6ooMzads g3BX3x5mQQ19 9r17s6r9YsijR IcwwmcgQ+XU IdbaEAADPrwDK /w5gjnxXl3P uatK04xcwR/4H z+AMDUjPA=</ latexit><latexit sha1_base64=" +4/eRQkzyAA ud5aXgFJ2RRD/ 3FM=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4CkkRP24FLx4 rGltoQ9lsJ+ 3SzSbsboRS+hO 8eFDx6j/y5r9 x2+agrQ8GHu/N MDMvygTXxvO +nZXVtfWNzdJW eXtnd2+/cnD4 qNNcMQxYKlLVi qhGwSUGhhuB rUwhTSKBzWh4M /WbT6g0T+WDG WUYJrQvecwZNV a6991at1L1X G8Gskz8glShQK Nb+er0UpYnKA 0TVOu272UmHFN lOBM4KXdyjR llQ9rHtqWSJqj D8ezUCTm1So/ EqbIlDZmpvyfG NNF6lES2M6F moBe9qfif185N fBWOucxyg5LN F8W5ICYl079Jj ytkRowsoUxx eythA6ooMzads g3BX3x5mQQ19 9r17s6r9YsijR IcwwmcgQ+XU IdbaEAADPrwDK /w5gjnxXl3P uatK04xcwR/4H z+AMDUjPA=</ latexit>
0.8
<latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit><latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit><latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit>
0.4
<latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit><latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit><latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit>
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<latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit><latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit><latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit>
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<latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit><latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit><latexit sha1_base64=" uu4Eyuu0zlr GsDCzLAnJ3zzm Vl4=">AAAB6 XicbVBNS8NAEJ 34WetX1aOXxS J4ComI1lvBi8e KxhbaUDbbSb t0swm7G6GU/gQ vHlS8+o+8+W/ ctjlo64OBx3sz zMyLMsG18bx vZ2V1bX1js7RV 3t7Z3duvHBw+ 6jRXDAOWilS1I qpRcImB4UZg K1NIk0hgMxreT P3mEyrNU/lgR hmGCe1LHnNGjZ XuPbfWrVQ91 5uBLBO/IFUo0O hWvjq9lOUJSs ME1brte5kJx1Q ZzgROyp1cY0 bZkPaxbamkCep wPDt1Qk6t0iN xqmxJQ2bq74kx TbQeJZHtTKg Z6EVvKv7ntXMT 18Ixl1luULL5 ojgXxKRk+jfpc YXMiJEllClu byVsQBVlxqZTt iH4iy8vk+Dcv Xa9u4tq/bJIow THcAJn4MMV1 OEWGhAAgz48wy u8OcJ5cd6dj 3nrilPMHMEfOJ 8/yGGM9Q==</ latexit>
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<latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit><latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit><latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit>
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<latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit><latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit><latexit sha1_base64=" QH+KrBIHLDD HU13vF8kVOR5u xrI=">AAAB6 XicbVBNS8NAEJ 3Ur1q/qh69LB bBU0hE/LgVvHi saGyhDWWznb RLN5uwuxFK6U/ w4kHFq//Im// GbZuDtj4YeLw3 w8y8KBNcG8/ 7dkorq2vrG+XN ytb2zu5edf/g Uae5YhiwVKSqF VGNgksMDDcC W5lCmkQCm9HwZ uo3n1BpnsoHM 8owTGhf8pgzaq x077nn3WrNc 70ZyDLxC1KDAo 1u9avTS1meoD RMUK3bvpeZcEy V4UzgpNLJNW aUDWkf25ZKmqA Ox7NTJ+TEKj0 Sp8qWNGSm/p4Y 00TrURLZzoS agV70puJ/Xjs3 8VU45jLLDUo2 XxTngpiUTP8mP a6QGTGyhDLF 7a2EDaiizNh0K jYEf/HlZRKcu deud3deq18UaZ ThCI7hFHy4h DrcQgMCYNCHZ3 iFN0c4L8678 zFvLTnFzCH8gf P5A8JVjPE=</ latexit>
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FIG. 3. The spin-spin correlator 〈Sxj Sxk 〉 at k − j = 50 along one leg of the strip is shown in
the first column, and the plaquette-plaquette correlator 〈WpWp′〉 at p′ − p = 30 in the second as
a function of Γ/K and h with Γ′ = −0.1. These are obtained in the two-leg honeycomb strip
with DMRG with N = 200 and OBC. The field directions are (a-b) θ = 0◦, (c-d) θ = 5◦, and
(e-f) θ = 90◦ ([112] in-plane). Smooth curves fitted to peaks in either χh, or χΓ/K are drawn with
red lines. The dashed green line at Γ/K = −0.325 indicates a representative slice where certain
quantities are plotted in Fig. 4 for a θ = 5◦ tilted field.
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destroyed by any non-zero field for Γ/|K| < Γ/|K|c, where Γ/|K|c refers to the transition
point between the ZZ and KSL at h = 0. On the other hand, for any Γ/|K| > Γ/|K|c, there
is a direct transition between the ZZ and the PS at finite field. This is consistent with the
observation that there is no Z2 topological order when a certain pseudo-mirror symmetry is
preserved45, as our Hamiltonian with a [110] field direction has this symmetry.
Figures 3(a), (c), and (e) show 〈Sxj Sxk 〉 at separation k− j = 50 along one leg of the strip
as a function of field and Γ/K for different tilting angles of the field in the aˆcˆ∗ plane. As
expected, correlations are appreciable within the magnetically ordered and polarized states.
The KSL phase is very clearly distinguished from the surrounding ordered states by nearly
vanishing 〈SxSx〉 (= 〈SySy〉) spin correlations. However, spin-spin correlations need not be
identically zero except at h = 0 due to a component of the spin aligning with the field, which
is more pronounced when h is large.
In Fig. 3(b), (d) and (f) we show plaquette-plaquette correlations 〈WpWp′〉 at separation
p′ − p = 30. Close to the Kitaev limit these correlations are nearly unity, consistent with
〈Wp〉 = +1 in the K limit, and decrease with increasing field and Γ/|K| within the KSL.
This is expected because the magnetic field, as well as Γ,Γ′, introduces interactions among
the MF and flux degrees of freedom. Interestingly, the plaquette-plaquette correlations,
which approach | 〈Wp〉 |2 in the KSL at large separations, show large fluctuations above the
KSL phase. This effect can also can be seen with ED on the 24-site honeycomb cluster
shown in Fig. 1(b), as noted by remaining 〈Wp〉 variations above the transition line.
A representative cut of the phase diagram is presented in Fig. 4(c-d) as a function of a
5◦ tilted field with Γ/K = −0.325, which corresponds to the green line in Fig. 3(c) and (d).
With increasing field, a sequence of transitions from ZZ order to the KSL and finally the PS
are evidenced by strong singular behaviour of χh in Fig. 4(a). The transition between ZZ
order and the KSL is accompanied by a sharp increase in plaquette-plaquette correlations
shown in Fig. 4(b), and a larger value of 〈Wp〉 accordingly. Components 〈SxSx〉 and 〈SzSz〉
of the spin-spin correlators are plotted in Fig. 4(c) and (d). While the 〈SxSx〉 correlations
are small in the KSL, the 〈SzSz〉 correlations are slightly larger. This is similar to the
honeycomb cluster with ED, where a finite magnetization m is present in the KSL phase,
as shown in Fig. 2(b). Asymmetry between the Sx and Sz components of the spin is due to
the two-leg honeycomb strip connectivity, and tilting of the magnetic field. The preceding
properties are shown for N = 100, 200, 300, 400 and iDMRG in Fig. 4 with different colours,
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<latexit sha1_base64="2W/rPUrhEty4Z7hF0fp cZyH5IWU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69BIvgKSRF/LgVvHisYNpCG8pmu2nXbnbD7kYoof/Bi wcVr/4gb/4bN20O2vpg4PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW4lMYhJgwYTsRkgRRjkJN NWMdFNJUBIx0okmt4XfeSJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hrBK/JHUo0RrUvvpDgbOEc I0ZUqrne6kOcyQ1xYzM7H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf0/kKFFqmkSmM0F6rJa9Q vzP62U6vg5zytNME44Xi+KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85ZdXSdBwb1zv/qLevCzTq MIJnMI5+HAFTbiDFgSA4RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPXUGNKw==</latexit><latexit sha1_base64="2W/rPUrhEty4Z7hF0fp cZyH5IWU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69BIvgKSRF/LgVvHisYNpCG8pmu2nXbnbD7kYoof/Bi wcVr/4gb/4bN20O2vpg4PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW4lMYhJgwYTsRkgRRjkJN NWMdFNJUBIx0okmt4XfeSJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hrBK/JHUo0RrUvvpDgbOEc I0ZUqrne6kOcyQ1xYzM7H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf0/kKFFqmkSmM0F6rJa9Q vzP62U6vg5zytNME44Xi+KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85ZdXSdBwb1zv/qLevCzTq MIJnMI5+HAFTbiDFgSA4RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPXUGNKw==</latexit><latexit sha1_base64="2W/rPUrhEty4Z7hF0fp cZyH5IWU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69BIvgKSRF/LgVvHisYNpCG8pmu2nXbnbD7kYoof/Bi wcVr/4gb/4bN20O2vpg4PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW4lMYhJgwYTsRkgRRjkJN NWMdFNJUBIx0okmt4XfeSJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hrBK/JHUo0RrUvvpDgbOEc I0ZUqrne6kOcyQ1xYzM7H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf0/kKFFqmkSmM0F6rJa9Q vzP62U6vg5zytNME44Xi+KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85ZdXSdBwb1zv/qLevCzTq MIJnMI5+HAFTbiDFgSA4RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPXUGNKw==</latexit>
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<latexit sha1_base64= "EmTTy/D/UEtlhGlRsvNkd9sq3wc=">AAAB7Hicb VBNS8NAEJ3Urxq/qh69BIvgKSRS/LgVvHisYNpCG 8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bN20O2vpg4 PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW 4lMYhJgwYTsRkgRRjkJNNWMdFNJUBIx0okmt4Xfe SJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hr BK/JHUo0RrUvvpDgbOEcI0ZUqrne6kOcyQ1xYzM7 H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf 0/kKFFqmkSmM0F6rJa9QvzP62U6vg5zytNME44Xi +KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85 ZdXSXDh3rjefaPevCzTqMIJnMI5+HAFTbiDFgSA4 RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPYE2NLQ==< /latexit><latexit sha1_base64= "EmTTy/D/UEtlhGlRsvNkd9sq3wc=">AAAB7Hicb VBNS8NAEJ3Urxq/qh69BIvgKSRS/LgVvHisYNpCG 8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bN20O2vpg4 PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW 4lMYhJgwYTsRkgRRjkJNNWMdFNJUBIx0okmt4Xfe SJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hr BK/JHUo0RrUvvpDgbOEcI0ZUqrne6kOcyQ1xYzM7 H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf 0/kKFFqmkSmM0F6rJa9QvzP62U6vg5zytNME44Xi +KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85 ZdXSXDh3rjefaPevCzTqMIJnMI5+HAFTbiDFgSA4 RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPYE2NLQ==< /latexit><latexit sha1_base64= "EmTTy/D/UEtlhGlRsvNkd9sq3wc=">AAAB7Hicb VBNS8NAEJ3Urxq/qh69BIvgKSRS/LgVvHisYNpCG 8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bN20O2vpg4 PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW 4lMYhJgwYTsRkgRRjkJNNWMdFNJUBIx0okmt4Xfe SJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hr BK/JHUo0RrUvvpDgbOEcI0ZUqrne6kOcyQ1xYzM7 H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf 0/kKFFqmkSmM0F6rJa9QvzP62U6vg5zytNME44Xi +KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85 ZdXSXDh3rjefaPevCzTqMIJnMI5+HAFTbiDFgSA4 RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPYE2NLQ==< /latexit>
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<latexit sha1_base64="EmTTy/D/UEtlhGlRsvN kd9sq3wc=">AAAB7HicbVBNS8NAEJ3Urxq/qh69BIvgKSRS/LgVvHisYNpCG8pmu2nXbnbD7kYoof/Bi wcVr/4gb/4bN20O2vpg4PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW4lMYhJgwYTsRkgRRjkJN NWMdFNJUBIx0okmt4XfeSJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hrBK/JHUo0RrUvvpDgbOEc I0ZUqrne6kOcyQ1xYzM7H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf0/kKFFqmkSmM0F6rJa9Q vzP62U6vg5zytNME44Xi+KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85ZdXSXDh3rjefaPevCzTq MIJnMI5+HAFTbiDFgSA4RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPYE2NLQ==</latexit><latexit sha1_base64="EmTTy/D/UEtlhGlRsvN kd9sq3wc=">AAAB7HicbVBNS8NAEJ3Urxq/qh69BIvgKSRS/LgVvHisYNpCG8pmu2nXbnbD7kYoof/Bi wcVr/4gb/4bN20O2vpg4PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW4lMYhJgwYTsRkgRRjkJN NWMdFNJUBIx0okmt4XfeSJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hrBK/JHUo0RrUvvpDgbOEc I0ZUqrne6kOcyQ1xYzM7H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf0/kKFFqmkSmM0F6rJa9Q vzP62U6vg5zytNME44Xi+KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85ZdXSXDh3rjefaPevCzTq MIJnMI5+HAFTbiDFgSA4RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPYE2NLQ==</latexit><latexit sha1_base64="EmTTy/D/UEtlhGlRsvN kd9sq3wc=">AAAB7HicbVBNS8NAEJ3Urxq/qh69BIvgKSRS/LgVvHisYNpCG8pmu2nXbnbD7kYoof/Bi wcVr/4gb/4bN20O2vpg4PHeDDPzopRRpT3v26qsrW9sblW37Z3dvf2D2uFRW4lMYhJgwYTsRkgRRjkJN NWMdFNJUBIx0okmt4XfeSJSUcEf9DQlYYJGnMYUI22ktuc2bNse1Oqe683hrBK/JHUo0RrUvvpDgbOEc I0ZUqrne6kOcyQ1xYzM7H6mSIrwBI1Iz1COEqLCfH7tzDkzytCJhTTFtTNXf0/kKFFqmkSmM0F6rJa9Q vzP62U6vg5zytNME44Xi+KMOVo4xevOkEqCNZsagrCk5lYHj5FEWJuAihD85ZdXSXDh3rjefaPevCzTq MIJnMI5+HAFTbiDFgSA4RGe4RXeLGG9WO/Wx6K1YpUzx/AH1ucPYE2NLQ==</latexit>
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<latexit sha1_base64= "WZ+jrMyj+p8M4u1QaafMHnYJYnw=">AAAB7Xicb VBNS8NAEJ3Ur1q/qh69LBbBU9iIVL0VvHisYGyhD WWz3bRLN5uwuxFK6I/w4kHFq//Hm//GTZuDtj4Ye Lw3w8y8MBVcG4y/ncra+sbmVnW7trO7t39QPzx61 EmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/8 8SU5ol8MNOUBTEZSR5xSoyVOtht1iwG9QZ28Rxol XglaUCJ9qD+1R8mNIuZNFQQrXseTk2QE2U4FWxW6 2eapYROyIj1LJUkZjrI5+fO0JlVhihKlC1p0Fz9P ZGTWOtpHNrOmJixXvYK8T+vl5noOsi5TDPDJF0si jKBTIKK39GQK0aNmFpCqOL2VkTHRBFqbEJFCN7yy 6vEv3BvXHx/2Wg1yzSqcAKncA4eXEEL7qANPlCYw DO8wpuTOi/Ou/OxaK045cwx/IHz+QOYFo1D</lat exit><latexit sha1_base64= "WZ+jrMyj+p8M4u1QaafMHnYJYnw=">AAAB7Xicb VBNS8NAEJ3Ur1q/qh69LBbBU9iIVL0VvHisYGyhD WWz3bRLN5uwuxFK6I/w4kHFq//Hm//GTZuDtj4Ye Lw3w8y8MBVcG4y/ncra+sbmVnW7trO7t39QPzx61 EmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/8 8SU5ol8MNOUBTEZSR5xSoyVOtht1iwG9QZ28Rxol XglaUCJ9qD+1R8mNIuZNFQQrXseTk2QE2U4FWxW6 2eapYROyIj1LJUkZjrI5+fO0JlVhihKlC1p0Fz9P ZGTWOtpHNrOmJixXvYK8T+vl5noOsi5TDPDJF0si jKBTIKK39GQK0aNmFpCqOL2VkTHRBFqbEJFCN7yy 6vEv3BvXHx/2Wg1yzSqcAKncA4eXEEL7qANPlCYw DO8wpuTOi/Ou/OxaK045cwx/IHz+QOYFo1D</lat exit><latexit sha1_base64= "WZ+jrMyj+p8M4u1QaafMHnYJYnw=">AAAB7Xicb VBNS8NAEJ3Ur1q/qh69LBbBU9iIVL0VvHisYGyhD WWz3bRLN5uwuxFK6I/w4kHFq//Hm//GTZuDtj4Ye Lw3w8y8MBVcG4y/ncra+sbmVnW7trO7t39QPzx61 EmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/8 8SU5ol8MNOUBTEZSR5xSoyVOtht1iwG9QZ28Rxol XglaUCJ9qD+1R8mNIuZNFQQrXseTk2QE2U4FWxW6 2eapYROyIj1LJUkZjrI5+fO0JlVhihKlC1p0Fz9P ZGTWOtpHNrOmJixXvYK8T+vl5noOsi5TDPDJF0si jKBTIKK39GQK0aNmFpCqOL2VkTHRBFqbEJFCN7yy 6vEv3BvXHx/2Wg1yzSqcAKncA4eXEEL7qANPlCYw DO8wpuTOi/Ou/OxaK045cwx/IHz+QOYFo1D</lat exit>
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<latexit sha1_base64="WZ+jrMyj+p8M4u1Qaaf MHnYJYnw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIVL0VvHisYGyhDWWz3bRLN5uwuxFK6I/w4 kHFq//Hm//GTZuDtj4YeLw3w8y8MBVcG4y/ncra+sbmVnW7trO7t39QPzx61EmmKPNpIhLVDYlmgkvmG 24E66aKkTgUrBNObgu/88SU5ol8MNOUBTEZSR5xSoyVOtht1iwG9QZ28RxolXglaUCJ9qD+1R8mNIuZN FQQrXseTk2QE2U4FWxW62eapYROyIj1LJUkZjrI5+fO0JlVhihKlC1p0Fz9PZGTWOtpHNrOmJixXvYK8 T+vl5noOsi5TDPDJF0sijKBTIKK39GQK0aNmFpCqOL2VkTHRBFqbEJFCN7yy6vEv3BvXHx/2Wg1yzSqc AKncA4eXEEL7qANPlCYwDO8wpuTOi/Ou/OxaK045cwx/IHz+QOYFo1D</latexit><latexit sha1_base64="WZ+jrMyj+p8M4u1Qaaf MHnYJYnw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIVL0VvHisYGyhDWWz3bRLN5uwuxFK6I/w4 kHFq//Hm//GTZuDtj4YeLw3w8y8MBVcG4y/ncra+sbmVnW7trO7t39QPzx61EmmKPNpIhLVDYlmgkvmG 24E66aKkTgUrBNObgu/88SU5ol8MNOUBTEZSR5xSoyVOtht1iwG9QZ28RxolXglaUCJ9qD+1R8mNIuZN FQQrXseTk2QE2U4FWxW62eapYROyIj1LJUkZjrI5+fO0JlVhihKlC1p0Fz9PZGTWOtpHNrOmJixXvYK8 T+vl5noOsi5TDPDJF0sijKBTIKK39GQK0aNmFpCqOL2VkTHRBFqbEJFCN7yy6vEv3BvXHx/2Wg1yzSqc AKncA4eXEEL7qANPlCYwDO8wpuTOi/Ou/OxaK045cwx/IHz+QOYFo1D</latexit><latexit sha1_base64="WZ+jrMyj+p8M4u1Qaaf MHnYJYnw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIVL0VvHisYGyhDWWz3bRLN5uwuxFK6I/w4 kHFq//Hm//GTZuDtj4YeLw3w8y8MBVcG4y/ncra+sbmVnW7trO7t39QPzx61EmmKPNpIhLVDYlmgkvmG 24E66aKkTgUrBNObgu/88SU5ol8MNOUBTEZSR5xSoyVOtht1iwG9QZ28RxolXglaUCJ9qD+1R8mNIuZN FQQrXseTk2QE2U4FWxW62eapYROyIj1LJUkZjrI5+fO0JlVhihKlC1p0Fz9PZGTWOtpHNrOmJixXvYK8 T+vl5noOsi5TDPDJF0sijKBTIKK39GQK0aNmFpCqOL2VkTHRBFqbEJFCN7yy6vEv3BvXHx/2Wg1yzSqc AKncA4eXEEL7qANPlCYwDO8wpuTOi/Ou/OxaK045cwx/IHz+QOYFo1D</latexit>h
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1.0
<latexit sh a1_base64="8Rq/rH8ryW cNzYia2iYzwBj2R9U=">A AAB6XicbVBNS8NAEJ3Ur1 q/qh69LBbBU0ikoN4KXjxW NLbQhrLZbtqlm03YnQil9 Cd48aDi1X/kzX/jts1BWx 8MPN6bYWZelElh0PO+ndL a+sbmVnm7srO7t39QPTx6 NGmuGQ9YKlPdjqjhUigeo EDJ25nmNIkkb0Wjm5nfeu LaiFQ94DjjYUIHSsSCUbTS ve96vWrNc705yCrxC1KDA s1e9avbT1mecIVMUmM6vp dhOKEaBZN8WunmhmeUjei AdyxVNOEmnMxPnZIzq/RJ nGpbCslc/T0xoYkx4ySyn QnFoVn2ZuJ/XifH+CqcCJ XlyBVbLIpzSTAls79JX2jO UI4toUwLeythQ6opQ5tOx YbgL7+8SoIL99r17uq1Rr 1IowwncArn4MMlNOAWmhA AgwE8wyu8OdJ5cd6dj0Vr ySlmjuEPnM8fvTSM7A==< /latexit><latexit sh a1_base64="8Rq/rH8ryW cNzYia2iYzwBj2R9U=">A AAB6XicbVBNS8NAEJ3Ur1 q/qh69LBbBU0ikoN4KXjxW NLbQhrLZbtqlm03YnQil9 Cd48aDi1X/kzX/jts1BWx 8MPN6bYWZelElh0PO+ndL a+sbmVnm7srO7t39QPTx6 NGmuGQ9YKlPdjqjhUigeo EDJ25nmNIkkb0Wjm5nfeu LaiFQ94DjjYUIHSsSCUbTS ve96vWrNc705yCrxC1KDA s1e9avbT1mecIVMUmM6vp dhOKEaBZN8WunmhmeUjei AdyxVNOEmnMxPnZIzq/RJ nGpbCslc/T0xoYkx4ySyn QnFoVn2ZuJ/XifH+CqcCJ XlyBVbLIpzSTAls79JX2jO UI4toUwLeythQ6opQ5tOx YbgL7+8SoIL99r17uq1Rr 1IowwncArn4MMlNOAWmhA AgwE8wyu8OdJ5cd6dj0Vr ySlmjuEPnM8fvTSM7A==< /latexit><latexit sh a1_base64="8Rq/rH8ryW cNzYia2iYzwBj2R9U=">A AAB6XicbVBNS8NAEJ3Ur1 q/qh69LBbBU0ikoN4KXjxW NLbQhrLZbtqlm03YnQil9 Cd48aDi1X/kzX/jts1BWx 8MPN6bYWZelElh0PO+ndL a+sbmVnm7srO7t39QPTx6 NGmuGQ9YKlPdjqjhUigeo EDJ25nmNIkkb0Wjm5nfeu LaiFQ94DjjYUIHSsSCUbTS ve96vWrNc705yCrxC1KDA s1e9avbT1mecIVMUmM6vp dhOKEaBZN8WunmhmeUjei AdyxVNOEmnMxPnZIzq/RJ nGpbCslc/T0xoYkx4ySyn QnFoVn2ZuJ/XifH+CqcCJ XlyBVbLIpzSTAls79JX2jO UI4toUwLeythQ6opQ5tOx YbgL7+8SoIL99r17uq1Rr 1IowwncArn4MMlNOAWmhA AgwE8wyu8OdJ5cd6dj0Vr ySlmjuEPnM8fvTSM7A==< /latexit>
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FIG. 4. With Γ/K = −0.325 and Γ′ = −0.1, quantities computed in the two-leg honeycomb
strip with DMRG are plotted as a function of a 5◦ field for system sizes N = 100, 200, 300, 400 and
infinite DMRG (iDMRG) as solid red line. (a) χh displays two peaks which sharpen with increasing
system size. These transitions separate ZZ magnetic order and the PS from the intervening KSL.
(b) Plaquette-plaquette correlations 〈WpWp′〉 are small within the ZZ and polarized phases, and
become appreciable within the KSL. (c) Conversely, the xx spin-spin correlations 〈SxSx〉 are small
within the KSL phase, and large in the magnetically ordered phases. (d) Sharp changes in the zz
spin-spin correlations are seen across the phase boundaries, and display a finite value consistent with
a KSL in field. Spin and plaquette correlations are evaluated at the largest separation accessible
in each cluster.
10
and are seen to be relatively insensitive to the system size.
Underlying Phase Diagram – To understand the microscopic mechanism of the emerging
KSL, we study the K–Γ model without Γ′ at θ = 0. At zero field, there is a finite region of
the KSL when the AFM off-diagonal symmetric Γ interaction is introduced. In the absence
of Γ′, there is a transition in zero field at Γ/K ' −0.4 from the KSL to another spin liquid
dubbed KΓ spin liquid (KΓSL)28. Components of the spin-spin correlators, 〈SxSx〉 and
〈SzSz〉 shown in Fig. 5(a-b), demonstrate a lack of magnetic order in the KSL and KΓSL
at h = 0, and finite correlations building with increasing field.
The KΓSL is characterized by a finite 〈WpWp′〉 like the KSL, but with negative 〈Wp〉
as shown in Fig. 5(c-d). While 〈Wp〉 is positive in the KSL, a negative 〈Wp〉 in the KΓSL
indicates a novel phase with a finite flux density. Strikingly, when the field is applied along
the [111] direction, the KSL sits above the KΓSL for a fixed Γ/K leading to two phase
transitions with increasing field: KΓSL → KSL → PS. The KΓSL is extremely fragile to
additional interactions that stabilize ZZ order. For example, when a small Γ′ interaction is
introduced, the KΓSL is replaced by the ZZ ordered phase as shown in Fig. 1. Importantly,
the ZZ order does not extend all the way to the Kitaev limit, and leaves a finite region of
the KSL at zero field.
Discussion – In α-RuCl3 it was suggested that the FM nearest (−J) and AFM third
neighbour (J3) Heisenberg interactions are important to stabilize the ZZ magnetic order
50.
Indeed the combination of −J and J3 has a similar effect to Γ′ in that they both induce
ZZ order. Thus, their inclusion would not alter our main results. However, if the combined
strength of Γ′, −J and J3 is too large, it would completely wipe out the intermediate KSL.
Indeed we show that a larger Γ′ causes ZZ order to overtake the KSL in Fig. 2 of the SI.
Experimental reports of a half-quantized thermal Hall conductivity in α-RuCl3 imply that
the combined strength of these parameters is small enough to leave the intermediate KSL
intact, yet finite to induce the ZZ order. It is possible that the KΓSL survives with smaller
Γ′ while developing ZZ order, resulting in two spin liquids between ZZ and PS under a field.
Quantifying these strengths is left for a detailed future study.
As the magnetic field is tilted away from the out-of-plane [111] direction towards the
in-plane [112] direction the intermediate KSL region shrinks rapidly, independent of the
strength of Γ′, and for both cluster shapes studied here. What remains is a small in-
termediate phase at fields an order of magnitude smaller for moderate Γ/|K|, showing a
11
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hSzSzi
1.2
<latexit sha1_base64="/eEz1V1Cj31qACSL/SJl+wfFNX4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSOsKWeSBoYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N6w3O9OdAq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZngEe1ZKrGgOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/UyE1+FOZNpZqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX355lQRN99r17i8arZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3PhatFaecOYY/cD5/APfSjQw=</latexit><latexit sha1_base64="/eEz1V1Cj31qACSL/SJl+wfFNX4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSOsKWeSBoYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N6w3O9OdAq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZngEe1ZKrGgOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/UyE1+FOZNpZqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX355lQRN99r17i8arZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3PhatFaecOYY/cD5/APfSjQw=</latexit><latexit sha1_base64="/eEz1V1Cj31qACSL/SJl+wfFNX4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoF6k4MVjBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMi1LOtPG8b6eytr6xuVXdru3s7u0f1A+PHnWSKUIDkvBEdSOsKWeSBoYZTrupolhEnHaiyW3hd56o0iyRD2aa0lDgkWQxI9gUku82a4N6w3O9OdAq8UvSgBLtQf2rP0xIJqg0hGOte76XmjDHyjDC6azWzzRNMZngEe1ZKrGgOsznt87QmVWGKE6ULWnQXP09kWOh9VREtlNgM9bLXiH+5/UyE1+FOZNpZqgki0VxxpFJUPE4GjJFieFTSzBRzN6KyBgrTIyNpwjBX355lQRN99r17i8arZsyjSqcwCmcgw+X0II7aEMABMbwDK/w5gjnxXl3PhatFaecOYY/cD5/APfSjQw=</latexit>
hWpWp0ihWpi (d)
(b)
(c)
(a)1.6
1.6
KΓSL
<latexit sha1_base64="RS+3mQKbPzYdEDd9NFV3bYyTiSs=">AAAB/nicbVDLSgMxFM3UV62vUcGNm2ARXJUZEay7ggsFXVS0ttAZSibNtKFJZkgyQhln4a+4caHi1u9w59+YTmehrQcunJxzL7n3BDGjSjvOt1VaWFxaXimvVtbWNza37O2dexUlEpMWjlgkOwFShFFBWppqRjqxJIgHjLSD0fnEbz8QqWgk7vQ4Jj5HA0FDipE2Us/eSz3J4VXmXSDOEcxft9dZz646NScHnCduQaqgQLNnf3n9CCecCI0ZUqrrOrH2UyQ1xYxkFS9RJEZ4hAaka6hAnCg/zffP4KFR+jCMpCmhYa7+nkgRV2rMA9PJkR6qWW8i/ud1Ex3W/ZSKONFE4OlHYcKgjuAkDNinkmDNxoYgLKnZFeIhkghrE1nFhODOnjxPWse1s5pzc1Jt1Is0ymAfHIAj4IJT0ACXoAlaAINH8AxewZv1ZL1Y79bHtLVkFTO74A+szx9wm5U/</latexit><latexit sha1_base64="RS+3mQKbPzYdEDd9NFV3bYyTiSs=">AAAB/nicbVDLSgMxFM3UV62vUcGNm2ARXJUZEay7ggsFXVS0ttAZSibNtKFJZkgyQhln4a+4caHi1u9w59+YTmehrQcunJxzL7n3BDGjSjvOt1VaWFxaXimvVtbWNza37O2dexUlEpMWjlgkOwFShFFBWppqRjqxJIgHjLSD0fnEbz8QqWgk7vQ4Jj5HA0FDipE2Us/eSz3J4VXmXSDOEcxft9dZz646NScHnCduQaqgQLNnf3n9CCecCI0ZUqrrOrH2UyQ1xYxkFS9RJEZ4hAaka6hAnCg/zffP4KFR+jCMpCmhYa7+nkgRV2rMA9PJkR6qWW8i/ud1Ex3W/ZSKONFE4OlHYcKgjuAkDNinkmDNxoYgLKnZFeIhkghrE1nFhODOnjxPWse1s5pzc1Jt1Is0ymAfHIAj4IJT0ACXoAlaAINH8AxewZv1ZL1Y79bHtLVkFTO74A+szx9wm5U/</latexit><latexit sha1_base64="RS+3mQKbPzYdEDd9NFV3bYyTiSs=">AAAB/nicbVDLSgMxFM3UV62vUcGNm2ARXJUZEay7ggsFXVS0ttAZSibNtKFJZkgyQhln4a+4caHi1u9w59+YTmehrQcunJxzL7n3BDGjSjvOt1VaWFxaXimvVtbWNza37O2dexUlEpMWjlgkOwFShFFBWppqRjqxJIgHjLSD0fnEbz8QqWgk7vQ4Jj5HA0FDipE2Us/eSz3J4VXmXSDOEcxft9dZz646NScHnCduQaqgQLNnf3n9CCecCI0ZUqrrOrH2UyQ1xYxkFS9RJEZ4hAaka6hAnCg/zffP4KFR+jCMpCmhYa7+nkgRV2rMA9PJkR6qWW8i/ud1Ex3W/ZSKONFE4OlHYcKgjuAkDNinkmDNxoYgLKnZFeIhkghrE1nFhODOnjxPWse1s5pzc1Jt1Is0ymAfHIAj4IJT0ACXoAlaAINH8AxewZv1ZL1Y79bHtLVkFTO74A+szx9wm5U/</latexit>
KΓSL
<latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit><latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit><latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit>
KΓSL
<latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit><latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit><latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit>
KΓSL
<latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit><latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit><latexit sha1_base64="Khibp34xtr46OzBDeSmowpvuHXw=">AAAB/nicjVBNS8NAEJ34WetXVPDiZbEInkoqgvVW8KCgh4rGFppQNttNu3R3E3Y3Qok5+Fe8eFDx6u/w5r8xTXtQUfDBwJv3ZpjhBTFn2jjOhzUzOze/sFhaKi+vrK6t2xubNzpKFKEuiXik2gHWlDNJXcMMp+1YUSwCTlvB8GTst26p0iyS12YUU1/gvmQhI9jkUtfeTj0l0HnmnWIhMCq6q4usa1dqVacA+ptUYIpm1373ehFJBJWGcKx1p+bExk+xMoxwmpW9RNMYkyHu005OJRZU+2nxf4b2cqWHwkjlJQ0q1K8bKRZaj0SQTwpsBvqnNxZ/8zqJCet+ymScGCrJ5FCYcGQiNA4D9ZiixPBRTjBRLP8VkQFWmJg8svL/QnAPqsdV5/Kw0qhP0yjBDuzCPtTgCBpwBk1wgcAdPMATPFv31qP1Yr1ORmes6c4WfIP19gl0/ZVC</latexit>
KSLKSL
PS
PS
PS
PS
KSL KSL
0.1
<latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit><latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit><latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit>
0.1
<latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit><latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit><latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit>
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<latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit><latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit><latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit>
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<latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit><latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit><latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit>
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<latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit><latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit><latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit>
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<latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit><latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit><latexit sha1_base64="vmNpeAtHIglaTFMZUb51WHNtcvg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx/s8nhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2Z++4lrIxL1gJOUBzEdKhEJRtFK927d7Vdr9p+DrBKvIDUo0OpXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPl91Ss6sMiBRou1TSObq746cxsZM4tBWxhRHZtmbif953QyjqyAXKs2QK7YYFGWSYEJmd5OB0JyhnFhCmRZ2V8JGVFOGNp2KDcFbPnmV+Bf167p716g1G0UaZTiBUzgHDy6hCbfQAh8YDOEZXuHNkc6L8+58LEpLTtFzDH/gfP4Au6+M6w==</latexit>
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<latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit><latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit><latexit sha1_base64="rNOMs41Y3P2fJpxmybuouZ80mwk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSvef6vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTKM7A==</latexit>
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<latexit sha1_base64="VHbFO4TxbZ0bqcaXhuGQKH41d+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rGltoQ9lsJ+3SzSbsboRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvygTXxvO+ndLK6tr6RnmzsrW9s7tX3T941GmuGAYsFalqRVSj4BIDw43AVqaQJpHAZjS8mfrNJ1Sap/LBjDIME9qXPOaMGivde+5Ft1rzXG8Gskz8gtSgQKNb/er0UpYnKA0TVOu272UmHFNlOBM4qXRyjRllQ9rHtqWSJqjD8ezUCTmxSo/EqbIlDZmpvyfGNNF6lES2M6FmoBe9qfif185NfBWOucxyg5LNF8W5ICYl079JjytkRowsoUxxeythA6ooMzadig3BX3x5mQRn7rXr3Z3X6udFGmU4gmM4BR8uoQ630IAAGPThGV7hzRHOi/PufMxbS04xcwh/4Hz+AMM+jPA=</latexit><latexit sha1_base64="VHbFO4TxbZ0bqcaXhuGQKH41d+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rGltoQ9lsJ+3SzSbsboRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvygTXxvO+ndLK6tr6RnmzsrW9s7tX3T941GmuGAYsFalqRVSj4BIDw43AVqaQJpHAZjS8mfrNJ1Sap/LBjDIME9qXPOaMGivde+5Ft1rzXG8Gskz8gtSgQKNb/er0UpYnKA0TVOu272UmHFNlOBM4qXRyjRllQ9rHtqWSJqjD8ezUCTmxSo/EqbIlDZmpvyfGNNF6lES2M6FmoBe9qfif185NfBWOucxyg5LNF8W5ICYl079JjytkRowsoUxxeythA6ooMzadig3BX3x5mQRn7rXr3Z3X6udFGmU4gmM4BR8uoQ630IAAGPThGV7hzRHOi/PufMxbS04xcwh/4Hz+AMM+jPA=</latexit><latexit sha1_base64="VHbFO4TxbZ0bqcaXhuGQKH41d+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rGltoQ9lsJ+3SzSbsboRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvygTXxvO+ndLK6tr6RnmzsrW9s7tX3T941GmuGAYsFalqRVSj4BIDw43AVqaQJpHAZjS8mfrNJ1Sap/LBjDIME9qXPOaMGivde+5Ft1rzXG8Gskz8gtSgQKNb/er0UpYnKA0TVOu272UmHFNlOBM4qXRyjRllQ9rHtqWSJqjD8ezUCTmxSo/EqbIlDZmpvyfGNNF6lES2M6FmoBe9qfif185NfBWOucxyg5LNF8W5ICYl079JjytkRowsoUxxeythA6ooMzadig3BX3x5mQRn7rXr3Z3X6udFGmU4gmM4BR8uoQ630IAAGPThGV7hzRHOi/PufMxbS04xcwh/4Hz+AMM+jPA=</latexit>
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<latexit sha1_base64="8Rq/rH8ryWcNzYia2iYzwBj2R9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSve96vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTSM7A==</latexit><latexit sha1_base64="8Rq/rH8ryWcNzYia2iYzwBj2R9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSve96vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTSM7A==</latexit><latexit sha1_base64="8Rq/rH8ryWcNzYia2iYzwBj2R9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjxWNLbQhrLZbtqlm03YnQil9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZelElh0PO+ndLa+sbmVnm7srO7t39QPTx6NGmuGQ9YKlPdjqjhUigeoEDJ25nmNIkkb0Wjm5nfeuLaiFQ94DjjYUIHSsSCUbTSve96vWrNc705yCrxC1KDAs1e9avbT1mecIVMUmM6vpdhOKEaBZN8WunmhmeUjeiAdyxVNOEmnMxPnZIzq/RJnGpbCslc/T0xoYkx4ySynQnFoVn2ZuJ/XifH+CqcCJXlyBVbLIpzSTAls79JX2jOUI4toUwLeythQ6opQ5tOxYbgL7+8SoIL99r17uq1Rr1IowwncArn4MMlNOAWmhAAgwE8wyu8OdJ5cd6dj0VrySlmjuEPnM8fvTSM7A==</latexit>
−0.2
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FIG. 5. Underlying phase diagram with Γ′ = 0 and θ = 0 in the Γ/K – h plane as calculated with
DRMG for N = 200 and OBC. Spin-spin correlations (a) 〈Sxj Sxk 〉 and (b) 〈SzjSzk〉 at k − j = 50
are absent within the KΓSL and the KSL phases at h = 0, and develop under the field. Phase
boundaries, determined by smoothed fits to the peaks of of χh and χΓ/K , are drawn as red lines,
and separate the KΓSL and the PS from the intervening KSL. (c) Plaquette expectation 〈Wp〉
differentiates the KΓSL and the KSL, as it changes sign across the transition. (d) Plaquette-
plaquette correlations 〈WpWp′〉 at p′ − p = 30 are small in the PS and become appreciable within
the KΓSL and KSL, approaching 〈Wp〉2 in the limit of large separation.
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dramatic magnetic anisotropy. While smaller tilting angles are less effective at destroying
the ZZ magnetic order, they offer a much larger region of the KSL. To enlarge the inter-
mediate KSL phase, we therefore propose that a field should be applied at smaller tilting
angles. Furthermore, for another in-plane field direction [110], the phase diagram exhibits
no intermediate-field KSL at any finite Γ/|K| or h as discussed earlier. Further thermal Hall
transport measurements for different in-plane directions would be desirable in order to test
our microscopic theory.
There are fascinating aspects of this work that require further study. The first is the
presence of large fluctuations of 〈WpWp′〉 and 〈Sxj Sxk 〉 just above the KSL phase into the
PS, which is also seen by χΓ/K and an unsaturated magnetization in the 24-site honeycomb
cluster. This is suggestive of a non-trivial crossover region into the polarized phase. We
also note the presence of a novel phase dubbed KΓSL in the underlying phase diagram of
the K-Γ model next to the KSL phase. The KΓSL phase is differentiated from the KSL by
a sharp drop from 〈Wp〉 = 1 in the KSL to 〈Wp〉 ' −0.35 in the KΓSL, accompanied by a
singular χΓ/K. Nature of the KΓSL, and the transition to the KSL are excellent subjects for
future study. For instance, possible vortex patterns due to strong interactions among MFs
and Z2 vortices would be highly interesting to pursue.
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Methods Numerical exact diagonalization (ED), and density matrix renormalization group
(DMRG) are used to study the parameter space appropriate for α-RuCl3. In the ED and
DMRG calculations, we consider the two-leg honeycomb strip geometry, and the 24-site
honeycomb shape in ED only, both shown in Fig. 1 of the Supplementary Information (SI).
The choice of these clusters is discussed in the SI, and is related to hidden points of SU(2)
symmetry present in the 2D limit.
ED was performed on the 24-site honeycomb cluster with periodic boundary conditions,
where the Lanczos method was used to obtain the lowest-lying eigenvalues and eigenvectors
of the Hamiltonian in Eq. (1).
Part of the numerical calculations were performed using the ITensor library (http://itensor.org)
typically with a target precision of 10−11 using up to 1,000 states. All DMRG calculations
were performed using open boundary conditions (OBC). The iDMRG calculations were
performed using a target precision of 5× 10−11 and up to 1,000 states.
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